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FOREWORD 

This r e p o r t  i s  submitted i n  accordance with paragraph ( a ) ( l )  
(v)(F) of Ar t i c l e  1 and paragraph (b) (6)  of A r t i c l e  2 of JPL Con- 
t r a c t  951709. This is  P a r t  I of two p a r t s .  
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I. INTRODUCTION 

This is t he  Frogram f i n a l  r epor t  submitted i n  ascotdance with 
JPL Contract 951709. The r epor t  covers t h e  period from October 5, 
1966 t h ru  March 31, 1968. 

The program involved t h e  expoeore of a n  assembled and fueled 
bipropel lant  l i q u i d  propulsion system t o  t h e  ethylene oxide (ETO) 
and heat s t e r i l i z a t i o n  requirements spec i f i ed  by JPL Spec i f i ca t ion  
VOL-50503-ETS. Afte r  exposure t h e  system was f i r e d  f o r  280 sec. 

The program plan included a design and component se!ection 
phase during which the propulsion system design aas evolved. 
second phase involved t h e  procurement of components for both a 
component tes t  series and for assembly i n t o  t h e  complete system. 
The t h i r d  phase of ?\e program, c a r r i e d  on i n  parallel wi th  t h e  
design phase, =as a materials inves t iga t ion .  
of the program involved the  assembly and tes t  of t h e  complete 
propulsion system. 

A 

The four th  phase 

The components underwent 12 heat s t e r i l i z a t i o n  cycles  a long 
with funct ional  tests t o  measure degradation. Corrections or 
modifications were made as required t o  a l low system t e s t i n g .  

The module w a s  assembled and exposed t o  s i x  heat  steriliza- 
t i o n  cycles  with propel lants  loaded. Af t e r  a p o s t s t e r i l i z s t i o n  
checkout of some of t he  cr i t ical  components, t h e  system w a s  suc- 
c e s s f u l l y  f i r e d  f o r  280 sec. 

This yeport w a s  prepared by the  Denver Division of t h e  Martin 
Marietta Co:poration under J e t  Propulsion Laboratory Subcontract 
951709, dated October 5, 1966. The 3PL t echn ica l  monitor f o r  t h e  
contract  w a s  Mr. Merle E. Guenther. The Frogram Manager a t  Mirt in  
Marietta w a s  Mr. Samuel C. Lukens. 

l n e  f o l l o s i n g  personnel a t  Martin Marietta were major con- 
t r i b u t o r s  t o  t h ?  program e f f o r t :  

H. F. Brady, Technical Lead and Design 

C. Caudi l l ,  Materials Engineering 

C. HoZt, Ha te r i a l s  Test 

J. B. Keough, Systems Test 
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11. PROGRAM PLAN 

11-1 

To implement t h e  program i n  a n  o rde r ly  and t i x e l y  fash ion ,  
t h e  o v e r a l l  plan shown i n  Fig. 11-1 w a s  formulated.  The program 
cons is ted  of four  t echn ica l  t a sks  that provided f o r  system analy- 
sis and design,  a matxials compat ib i l i ty  experimental  tes t  pro- 
gram, and a compments test a c t i v i t y  followed by a system assem- 
b ly  and test  a c t i v i t y .  
planning, and docwnenta t ion. 

A f t f t h  t a s k  provided f o r  repor t ing ,  

I n  Task I t h e  work vas d i rec t ed  toward system design. Pro- 
pe l l an t s  and eagine were se l ec t ed  and t h e  system w a s  s ized  a f t e r  
a survey of a v a i l a b l e  components. The r e s u l t s  of t h e  mater ih ls  
i nves t iga t ion  w a s  coordinated i n t o  t h i s  system design a c t i v i t y .  

The ob jec t  of Task 11 was t o  e s t a b l i s h  t h e  e f f e c t s  of steril- 
i z a t i o n  a t  t h e  component level so t h e  necessary co r rec t ive  a c t i o n  
could be taken and incorporated i n t o  the  system. To accomplish 
Task 11, t h e  components were procured and exposed t o  two complete 
dry hea t  exposures, each cons i s t ing  of s i x  dry  hea t  cyc les  a t  
135OC. 
base l ine  performance tests wi th  add i t iona l  performance tests a t  
the  mFdpoint and completion of a l l  exposures. 
examined i n  d e t a i l  and evaluated t o  formulate the  r e s u l t s  and 
necessary co r rec t ive  ac t ion .  

Performance degradation w a s  e s t ab l i shed  by comparing 

Each u n i t  w a s  then 

Task IIL supported t h e  design a c t i v i t y .  A l i t e r a t u r e  search  
w a s  i n i t i a t e d  t o  screen  materials: both metals and nonmetals, 
that would be s u i t a b l e  f o r  use is t h e  environments of Fropel lan ts ,  
e thylene oxide,  and dry hea t  s t e r i l i z a t i o n .  This a c t i v i t y  was 
then followed by a prescreening metals t es t ;  a 600-hr screening 
tes t  c f  candidate  materials of cons t ruc t ion ;  a 60C-hr tes t  of 
candidatc nonmetals t h a t  included adhssives ,  c o a t h g s ,  l ub r i can t s ,  
po t t ing  compounds and p l a s t i c s ;  and f i n a l l y ,  a long-term s to rage  
tes t  of materials of cons t ruc t ion  of eech propel laz t  tank. 

I n  t h e  long-term s torage  a c t i v i t y  a l l  t h e  materials i n  com- 
b ina t ion  t h a t  cons t i t u t ed  t h e  propel lant  tanks alid expulsion de -  
v iczs  were assembied i n t o  a subscale  tank,  loaded wi th  t h e  appro- 
p r i q t e  p rope l lan t ,  exposed to t h e  dry  heat s t e r i l i z a t i o a ,  and 
then s tored  a t  ambient condi:ions f o r  up t o  a year .  
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The complete acjdule was assembled, los.ded, exposed, and tes t  
f i r e d  i n  Task IV. The exposure of t he  assembled and loaded mod- 
u l e  consis ted of both the  decontamination environment of e thylenc 
oxide and Freon 12  a t  5 O o C  followed by s i x  cycles  of dry heat 
s t e r i l i z a t i o n  a t  1 3 5 O C .  After  the  environmental exposure, t h e  
module was t r a n s f e r r e d  t o  t h e  t e s t  f i r i n g  c e l l ,  given appropr i a t e  
F i r ing  readiness  checks and then t e s t  f i r e d  f o r  280 sec. The 
performance and degradation were then compared t o  t h e  assembly 
checkout l e v e l s  and engine base l ine  t e s t s  performed a t  t he  engine 
manufacturer 's  f a c i l i t y .  

Management of t h e  program was implemented by a p ro jec t  organ- 
i z a t i o n  shown i n  Fig. 11-2. It w a s  character ized by the  d i r e c t  
design and engineering organizst ion shown a t  the  f i r s t  l e v e l  sup- 
ported by manufacturing, q u a l i t y ,  and s a f e t y  shown on the  second 
l eve l .  

~ 

Program management was aided and advised by two committees 
made up of recognized leaders  i n  t h e  p a r t i c u l a r  areas of i n t e r e s t .  

The equipment select!-on committee membership included tech- 
n i c a l  experts  with extensive experience. The func t ion  of t h i s  
committee w a s  t o  meet once o r  twice as necessary t o  review t h e  
system design and the  s e l e c t i o n  of  t he  compcnents. Thus addi-  
t i o n a l  experience w a s  used i n  t h e  component s e l e c t i o n  process. 

The Technical Advisory Group membership included ind iv idua l s  
of demonstrated excellence i n  systems and p ro jec t  management. 
The group m e t  q u a r t e r l y  f o r  a t echn ica l  and Icanagernent rev ier  of 
t he  program. I n  t h i s  way corporate  mriagement could focus on t h e  
program and d i r e c t  t h e  resources  of t h e  corporat ion i n  support 
of t h e  p ro jec t ,  i f  necessary.  Furthermore, t h e  committee advised 
p ro jec t  members of a c t i v i t i e s  i n  o the r  programs t h a t  were r e l e -  
vant.  
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111. SYSTEM DESIGN 

The first major step to be cwpleted in the program was the 
design of the complcte pripilsion. s y s t e m .  To properly accomplish 
this task, program ground rules were established and a system de- 
sign criteria document was developed. In addition, a parallel 
effort was initiated to study the esfects of the sterilization 
and decontamination environments on sysrem materials of construc- 
tion. 

Many of the program ground rules were specified in the state- 

Additional ground rules were set up as required 
ment of work, providing guidelines for system size and operating 
requirements. 
to estabiisn the scope of program effort. 
used are as follows: 

The major ground rules 

Propellants - Hydrazir-e-derivative frrels, or blends, 
and nitrogen oxide-derivative oxidizers, or blends, 
including nitric acid; 

Thrust Level - Approxibately 100 lbf (throttling 
capability over 3 to 1 range or greater was desired 
but was not considered a requirement); 
Specific Impulse - Aminimum of 275 lbf-sec lb at 

maximum engine thrust under vacuum conditions with 
an expansion ratio of 40; 

Injector Head Pressure - Not to exceed 500 psi; 
Feed System - Gas regulated, pressure fed, with 
positive expulsion assured; 

Operating Dumtion - Minimum of 300 eec; 
Exposure to thc sterilization environment defined by 
JPL Specification Vo1-50503-ETS. The requirement 
included exposure of the propulsion system to both 
ethylene oxide mixed with Freon and to dry heat. 

l m  

The design criteria document provided complete definition of 
the system and it,s operating and test requirmnents. 
phase progressed the criteria were updated as necessary. 

As the design 

Several preliminary steps were necessary to allow the design 

” Aeclui ied I -.. cc that an cngine could be selected. With the engine 
layout of the system to proceed. 

selected, the feed system could be sized and component configura- 
tions established, 

Selectioc of propellants was 
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Thermal 
Stability 

Decwposition 
only s l ight  3 
275.F 

Equilibrium 
pressure 300 

275.P 
to 400 psi  @ 
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l i g h  
Temperature 

Compatibility 

Materials 
avail-ble 

Questionable 

A. PROPELLANT SELECTION 

Based upon one of the program ground rules, the propellants 
to be selected were limited to hydrazine-derivative fuel or 
blends and nitragen-oxide-derivative oxidizers or blends includ- 
ing nitric acid, 
dizers were coneidcred, 
(NA), monomethyiJydrezine (MMH) , unsymmetrical dimethylhydrazine 
(UDMH), and Aerozine 50 (A-50). Oxidizers considered included 
nitorgen tetroxide (N20*), mixed oxides of nitrogen (MON), ecd 
inhibited red fuming nitric acid (IRFNA). The major considera- 
tions used for propellant selection were: 

- 

Four candidate fuels and three candidate oxi- 
The candidate fuels were hydrazine 

1) 
2) Stability at elevated temperature; 

3) Material compatibility at elevated temperature; 
4) Engine test experience, including demonstration of 

perforsance. 

Vapor pressure at elevated temperature; 

1. Oxidizer Selection 

A sunnnary of the selection factors for an oxidizer is presented 
in Table 111-1. 

Table 111-1 Oxidizer Selection Data 

~~ 

Propellant 

N204 

IRFNA 

MON 

~ ~~~ ~ 

Vapor Pressure 
(psi @ 275.P) 

800 

125 

-800 Decompos it  ion 
only s l ight  @ 
275.P 

Materials 
available 
for ambient 
temperature J UIS' 

I 
SP 

Performance 
IkPPons trated 

(sec 1 

>290 

2275 

>2 90 

Product ion 
Sys tern 

using This 
Prop l lan  t 

rimy BYE- 
teats 

hone  sys- 
tems 

More than 
one 

Engine Test 
Experience 

Greatest 

Minimum 

Adequate 
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m e  MON mixture was eliminated primarily because of a very 
high vapor pressure.  Use of t h i s  oxidizer  would cause a severe 
penalty i.1 tankage weight f o r  a,system t h a t  would be s t e r i l i z e d  
with propel lants  loaded. An add i t iona l  f a c t o r  t h a t  led t o  elim- 
i n a t i o n  of MON was the  complete lack of high temperature com- 
p a t i b i l i t y  da t a .  

A summary of e x i s t i n g  high temperature compatibi l i ty  d a t a  i n -  
dicated N204 would be a b e t t e r  choice than IRFNA. In  add i t i cn ,  
i n  combination with the f u e l s  considered, N 2 0 4  provides higher 
performance than TKFNA. As indicated i n  Table 111-1, IRFNA was 
superior  i n  the a r e a  of vapor pressure,  being l e s s  than l i 6  t h a t  
Of N 2 3 4  

With a l l  f a c t o r s  considered N204 was se l ec t ed  as the oxidizer  
f o r  t he  program. It was f e l t  t h a t  the high temperature compat- 
i b i l i t y  and performance of N 2 0 4  overshadowed the vapor pressure 
advantage of IRFNA. 

2 .  Fuel Select ion 

Since t h e r e  was l i t t l e  v a r i a t i o n  i n  vapor pressures  and high 
temperature compatibi l i ty  p rope r t i e s  f o r  the th ree  candidate 
f u e l s  considered, t h e  main c r i t e r i a  f o r  the s e l e c t i o n  were thermal 
s t a b i l i t y  of the f u e l ,  performance wi th  the se l ec t ed  ox id ize r ,  and 
engine a v a i l a b i l i t y .  On t he  b a s i s  of s p e c i f i c  impulse and system 
weight, nea t  hydrazine i s  c l e a r l y  superior  t o  e i t h e r  of the f u e l  
candidates from a 'pure t h e o r e t i c a l  standpoint;  however, from the 
standpoint of thermal s t a b i l i t y ,  it is less d e s i r a b l e  than e i t h e r  
A-50 or MMH, and was the re fo re  eliminated. The very l imited 
decomposition r a t e  d a t a  ava i l ab le  f o r  MMH (at ambient, 160'F and 
400'F) a r e  similar t o  r a t e s  observed f o r  pure hydrazine (Ref 1). 
Certain impuri t ies ,  p a r t i c u l a r l y  oxygen, can increase the s e n s i -  
t i v i t y  t o  thermal deconposition markeely. For example, MKH t h a t  
has been exposed t o  a i r  s u f f i c i e n t l y  t o  cause a s l i s h t  yellowish 
d i sco lo ra t ion  w i l l  show incre tsd , herma1 i n s t a b i l i c y .  

The low s e n s i t i v i t y  o l  I W G i  to  c a t a l y t i c  decomposition i s  
well documented, and the d e c r -  *sed s e a s i t i v i t y  of t he  mixture 
with hydrazine (A-50), has been demonstrated i n  the  successful  
use of t h i s  f u e l  i n  regenerat ively cooled upper s t age  engines,  
UDMH was e l i m h a t e d  even though it  e x h i b i t s  superior  thermal 
propert ies  because of i t s  low performance c a p a b i l i t y .  S t a b i l i t y  
t e s t i n g  of the c;indidat.e f u e l s  i s  w e l l  documented f o r  normal 
s t o r a b i l i t y  limits below 160'F i n  both open and closed v e s s e l s ;  
however, a l l  with decompose r ap id ly  a t  elevated temperatures. 
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Bomb t e s t  d a t a  reported by Rocketdyne (Ref 2 )  r evea l  the  approxi- 
mate temperatures a t  the  onset of rap id  decomposition f o r  the  
fue l s  a r e  480'F f o r  N&, 640'F f o r  I'M, and 720'F f o r  UDMH. 
Between the  normal s torage  temperature and rap id  decomposition 
temperature of the f u e l s ,  very l i t t l e  experimental work i n d i c a t -  
ing deco%position ra tes  has been performed, Consequently, the  
a c t u a l  r e l a t i v e  s t a b i l i t y  r a t i n g  fo r  the hydrazine f u e l s  i n  the  
range of i n t e r e s t  a t  285'F, can only be speculated,  
Martin Mariet ta  attempt t o  c o r r e l a t e  these  d a t a  (Ref 3) indicated 
t h a t  the  decomposition rates of the candidate f u e l s  are of t h e  
same I agnitude a t  ambient temperatures, 
various sources in the  industry i n d i c a t e  t h a t  t he  s t a b i l i t y  r a t -  
ing  i n  dec l in ing  order  is as follows: UHMH, MMH, A-50, and NaH4. 
There is some disagreement as to  the  comparative s t a b i l i t y  of 
MMH and A-SO. 
favor MMH. 

A r ecen t  

General opinion of 

The most d e s i r a b l e  engine operat ing c h , i r a c t e r i s t i c s  

k. surrimary of the  f a c t o r s  considered f o r  f u e l  s e l e c t i o n  is 
preseatsd i n  Table 111-2. 

Table 111-2 Fuel Select ion Data 

P r o p e l l a n t  

H. ,Hq 

MMH 

A - 5 0  

Vapor P r e s s u r e  
( p s i a  Ca 275'F) 

25 

63 

75 

Thermal S t a b i l i t y  

Good i n  absence  of 
c a t  a1 y t ic  mater i a1 s 

Good, some s e n s i -  
t i v i t y  to  c a t a l y s t s  

Very good 

High 
Temper a t u r e  

Compa t i b i l  i t y  

Materials 
a v a i l  ab l e  

Materials 
a v a i l  a b l e  

Materials 
a v a i l  a b l e  

I 
SP 

Performance 
Decons t r a t r d  

(sec) 

>2 90 

>290 

>2 90 

Engine T e s t  
Exper ience  

Minimum 

Maximum 

S u f f i c i e n t  

Note: Based on t h e  above d a t a  t h e  s e l e c t e d  f u e l  c o u l d  be e i t h e r  MMH o r  A-SO. A d d i t i o n a l  con-  
s i d e r a t i o n s  are:  

1 )  Less i g n i t i o n  s p i k e  o c c u r s  w i t h  MMH; 

2 )  MMH b u r n s  c o o l e r ;  

. 3)  MMH b e t t e r  f i l m  c o o l a n t ;  

4 )  More engine  t e s t  c x p e r i e n c e  w i t h  MMH on c a n d i d a t e  e n g i n e s ;  

5)  A - 5 0  performance i n  s l i g h t l y  g r e a t e r  than  MMH. 
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As a final verification of the individual selections of oxi -  
dizer ani fuel, a check was made of the particular propellant 
combination. Table 111-3 compares some of the commonly used 
combinations with MMH/N2O4, 

Tab 1 e 111- 3 Prop e 1 lant Comb ina t ion Comparison 

Propellant 
Combination 

State-of - 
Art Rat ing* 

2 

1 

Theoretical Vacuum 
Performance Equilibrium 

= 150 psia, e = 40 

Ratio 
340.7  1,53 

325 .7  1.6 

337 .7  2 .2  

320.9 2 . 4  

338.1 2 b o  I 
"Low number indicated highest rating, I 

On the basis of all the above information MMH was chosen as the 
fuel for this system. 

B. ENGINE SRSECTION 

The propellant and engine selection activities were carried 
on simultaneously because of the interdependence of functions. 
Engine selection was accomplished in four phases. The factors 
considered in each phase are listed as follows: 

Phasr I - Engine propellant considerations were: 
1) Propellant test experience; 

2) Production system experience; 

3) Demonstrated performance. 
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_ .  -..ase 11 - Engine program restraints were: 
1) Engine availdm iZ l .Ly;  

2 )  Engipe cost; 

3)  Engine predelivery characterization. 

Phase XI1 - Preliminary engine screening considerations were: 
1) Selected propellant test experience; 

2)  Minimum performance capability demonstrated (-3a); 

3 )  Durztim cr.jiirbility : 
4) Materialsa .> i construction, 

Phase IV - Final mg'-e screening considerations were: 
1) 12% ET0 - 88% Freon decoatanination compatibility; 

2 )  280'F extended temperature exposure capability, 
3)  Engine rework required to meet system requirements, 

During the first phase of engine selection, a list of small 
possible candidate engines was compiled. The list a l so  included 
engines still in a developme?it of R&D status to provide as much 
test experience as possible. Table 111-4 presents the total 
list of er:$ines from which test data were obtained. 

Tab! ? 111-4 Engines Considered 

1. 
2 .  

3 .  

4. 
5. 
6. 

7. 
8 ,  

9, 
10. 

11. 

12. 

13. 

Rocketdyne - Gemini 23 lbf, 79 lbf, 94.5 lbL - ablative 
Rocketdyne - Transtage 25 lbf, 45 lbf - ablative 
Rccketdyne - Apollo 91 lb, - ablative 
Rocketdyne - Beryllium 1.hd lh. - heat sink 
Marquardt - Apollo 100 lbf - radiation 
Thiokol (LAD) - Surveyor 104 lbf - regenerative 
Thiokol (RMD) - Apollo, C - 1  100 lbf - regenerative 
TRW Systems - Surveyor backup MIRA-15OA - ablative (radia- 
tion alternative) 
TRW Systems - URSA-1OOR 100 lbf - Yadiation 
Hell Aerosystems - Agena second propulsion ?G lbf, 200 lLf - 
radiation 
Bell Aerosystems - NASA Program Model 8414 130 lbf - radia- 
tion 
Bell Aerosystems - NASA Program Model 8374 100 lbi - adiabatic, 
wall 
IR&D and/ot exploratory testing 

t 
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IION/UIXH 

Hydrate 

- 
*Numbers r e f e r  t o  engines l i s t e d  i n  Table 111-4. 

I 
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A compilation of the d a t a  obtained f o r  the l i s t e d  engines w i t h  
respect t o  propel lant  combination versus experience and de-*on- 
s t r a t e d  performance i s  presented i n  Table 111-5. 

Table 1x1-5 Engine/Propellant Considerations 

Propel lan~ 
Combinations 

m/= 

NTo/uDHti 

HM)/Nfi  

IBpRA/UDME 

NTo/A-50 

HON/BMH 

Pmk: t ion 
System U s a g e  

1, 3* 

2, 5 

6 

10 

Substant ia l  
Test Experience 

7, 8, 9, 11 

8 

Limited T e s t  
Experience 

6 

13 
13 
4 
13 
6 

Demonstrated 
Performance, 
I (sec) 

SP 
298 

260 
-- 
298 

270 
298 

287 
260 

As a r e s u l t  of the inves t iga t ions  under the f i r s t  phase of 
engine se l ec t ion ,  t he  following 100 lbf engines were c a r r i e d  t o  
the  second phase of select ion:  

1) Rocketdyne - Beryllium - hea t  sink; 

2) m q u a r d t  - Model R-4D - r ad ia t ion ;  

3) Thiokol, RWD - Model C-1 - regenerative; 

4) TW Systems - MIRA-15OR - r ad ia t ion ;  

5) B e l l  Aerosystens - Model 8414 - r ad ia t ion ;  

6 )  B e l l  Aerosystems - Model 8374 - ad iaba t i c  w a l l .  

Frsn the l i s t  of Table 111-4, engines 1, 6, 8, and 12 were 
eliminated a t  the end of the f i r s t  phase of s e l ec t ion .  Engines 
1 and 8 with a b l a t i v e  nozzles were eliminated because of un- 
c e r t a i n t y  of compatibi l i ty  w i th  the ET0 decontaminate. 
t i o n  there  was considerable doubt t h a t  the engines could meet 
the required 300-sec f i r i n g  durat ion.  
because of very l imited t e s t  experience with the se l ec t ed  propel- 
l a n t s ,  

In d d i -  

Engine 6 was eliminated 
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Engine manufacturers were contacted t o  determine engine 
a v a i l a b i l i t y ,  d e t a i l e d  performance da ta ,  and engine test  h i s t o r i e s .  

As a r e s u l t  of these i n q u i r i e s  three remaining engines were 
evaluated as t o  E M  and thermal compatibi l i ty .  All are compatible 
with the defined s t e r i l i z a t i o n  system requiremects. The f i n a l  
s e l e c t i o n  of t he  engine was based on previous t es t  experience 
with the  se l ec t ed  propel lants ,  system adap tab i l i t y ,  component 
s implici ty ,  r e l i a b i l i t y ,  acd development s t a t u s .  

The engine s e l e c t i o n  criteria f o r  f i n a l  screening between 
the Marquardt R-4D and Reaction Motor Division (RM)) C - l  engines 
a r e  presented i n  Table 111-6. 

The Marquardt engine was se l ec t ed  based on tes t  experience 
of the f ixed R-4D design and t h e  RMD C - 1  engine w a s  chosen as an 
a l t e r n a t e ,  i f  required.  

The R-4D rocket  engine, Fig. 111-1, w i l l  provide a 275-sec 
(-30) minimum vacuum s p e c i f i c  impulse a t  100 Lb 

N204 and MMH propel lants  a t  an  oxidizer- to-fuel  r a t i o  of 1.6 and 
a nozzle expansion r a t i o  of 40:1, as required.  

t h r u s t  using f 

3efore de l ive ry  of the engine t o  Martin Marietta, t h e  engine 
contractor performed a hot  f i r e  cha rac t e r i za t ion .  This was ac- 
complished Ly exposing the engine t o  a standard acceptance tes t  
procedure during which three 5-sec s teady-state  f i r i n g  runs were 
made. The rrcceptance test  f i r i n g s  were a l t i t u d e  f i r i n g s  using a 
f u l l  b e l l  with an area r a t i o  of 40:l. 
a r e  presented as follows: 

Results of t he  f i r i n g  runs 

Mean O/Fs 1.600 

AO/Fs 0.006 

Mean F vac 
S 

99.6 i b  

0.4 l b  
S 

Y I a c  

Mean 1 286.7 sec 

S 
spvac 

AI 
S 

'"vat 
1.7 sec 
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Data were a l s o  provided on the i n j e c t o r  head and valve assemblies. 
Flow pressurs drop  and rosponse uncier water flow c a l i b r a t i o n  were 
measured t o  provide a basel ine f o r  component degradation during 
s t e r i l i z a t i o n .  

C. PROPULSION MODULE DESIGN 

During the same period of time and i n  parallel with the  pro- 
pe l l an t  and engine se l ec t ions ,  an e f f o r t  was underway t o  l ay  out  
the propulsion module. 
component arrangement layout was s t a r t e d .  
considered included the tank layout arrangements shown i n  Fig. 
111-2. The bipropel lant  tank configurat ion was eliminated because 
of t he  l i m i t a t i o n s  placed on the  type of pos i t i ve  expulsion de- 
v i ces  t h a t  could be used with t h i s  tank. I n  general  t h i s  t y p e  
of tank i s  s u i t e d  f o r  metallic convoluted hemispherical diaphragms. 
Propel lants  are contained i n  opp3site s ides  of t he  sphere wi th  
double diaphragms between. 
between the diaphragms t o  e f f e c t  expulsion. One i n t e n t  of t he  
program was t o  t r y  a t  least two types of devices such as d i a -  
phragms and su r face  tension systems so t h i s  approach w a s  dropped 
from f u r t h e r  considerat ion.  

A system schematic was drawn up and a 
Early configurat ions 

The pressurant  gas is  then introduced 

Another problem encountered involved the choice of propel lant  
Since the system t o  be designed arid pressurant tank arrangement. 

was not intended t o  be an exact simulation of a f l i g h t  system, 
con t ro l  of the cen te r  of g rav i ty  was not considered t o  be of 
paramount importance. On the  other  hand, the system was designed 
t o  meet the environmental cr i ter ia  defined Zn JPL Spec 3025OB 
with Amendments 1, 2, and 3, which specifiecr, as an example, an 
acce le ra t ion  load of 214 g i n  th ree  axes for 5 minutes. Under 
t h i s  magnitude of loading s t r u c t u r a l  i n t e g r i t y  became a major 
consideration. For t h i s  reason the arrangement of tanks shown 
by Fig. LII-2(b) was eliminated. I n  t h i s  case the  support  of 
the pressurant tank from the major s t r u c t u r a l  t r u s s  became q u i t e  
complex and heavy. The configurat ion of Fig. 111-2(c), however, 
placed a l l  t h ree  tanks i n  a plane with the s t r u c t u r a l  t r u s s  and 
made mounting simple assuming equa to r i a l  mounting provisions on 
the tanks. Late i n  the program a decis ion was made t o  use pro- 
pe l l an t  tanks having only ?alar mounting provisions.  
doing a complete redesign including s t r e s s  ana lys i s ,  the tanks 
were mounted o f f  the e x i s t i n g  box frame using curved tubular 
supports. 

Rather than 
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(a) Bipropellant Tank Configuration 

Trfpod N2 Tank 

r -  \. Y - -  

Oxidizer h n k  

43.25 

i Tripod E n g i n e  
suppor t 

-- .- -. x 
(b) Pyramid Tank Configuration 

Oxidizer h n k  

Tank 

\ i Tripod E n g i n e  
suppor t 

-- x 
(b) Pyramid Tank Configuration 

Cmprerrion Engine 
Strut S mbilizet 

I-.-- 
(c) Planar Configuratton 

Pig. 111-2 Syrteu Configuration8 
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The module s t r u c t u r a l  t r u s s  assembly i s  shown i n  Fig. 111-3 
mounted on i t s  f a b r i c a t i o n  f i x t u r e .  

The primary s t r u c t u r a l  member was made up of a box s e c t i o n  of 
carbon s t e e l  on which the tank supports and the engine s*ipports 
were mounted. I n  general ,  no a t t e m p t  was made t o  use high 
strength-to-weight r a t i o  s t r u c t u r a l  ma te r i a l s  s i n c e  the  module 
was not intended to  be a s t r u c t u r a l  test  model. Material i n v e s t i -  
gat ions provided r e s u l t s  s u f f i c i e n t  t o  answer quest ions concern- 
ing the s t e r i l i z a b i l i t y  of s t r u c t u r a l  materials (see Chapter I V ) .  
I n  t he  case of the carbon steel  parts a z inc  chromate coat ing 
was applied t o  avoid contact  of i r o n  oxide wi th  the  ET0 vapor. 
Metal oxides general ly  act  as a c a t a l y s t  t o  decompose ET0 t h a t  
would degrade the  decontamination atmosphere. 
matic evolved during the  design phase i s  shown i n  i ts  f i n a l  form 
i n  Fig. 111-4. Since the system was t o  be exposed t o  severe 
environments (heat s t e r i l i z a t i o n )  while loaded with propel lants ,  
design f o r  minimum leakage was emphasized. 
t he  system were designed t c  be hcrmeticaily sealed: 
d i z e r  and f u e l  s torage systems, 
system. Welded j o i n t s  were used wherever possible  t o  l i m i t  ex- 
t e rna l  1 eakage and normal 1 y o pen/normal l y  closed ordnance -operated 
valves were used t o  l i m i t  i n t e r n a l  leakage. Bimetal l ic  t r a n s i -  
t i o n  j o i n t s  were used t o  j o i n  port ions of the systems where m a t e -  
r i a l  changes were required.  For example, t h e  propel lant  tanks 
were of t i tanium a l l o y  and the  hand valves  were of aluminum 
a l loy .  A titanium/aluminum j o i n t  was used i n  the  l i n e  between 
the  components. 
t h a t  were not a wtld j o i n t  o r  a t r a n s i t i o n  j o i n t  were t h e  ordnance 
valve f lange j o i n t  and AN f i t t i n g s  i n  the  propel lant  f i l l  l i n e .  
The ordnance valve j o i n t  incorporates a s o f t  aluminum gasket 
clamped between se r r a t ed  f lange surfaces  and is  a low leakage type 
j o i n t .  
the  l i n e  was capped using a s o f t  aluminum s e a l  under an AN f l a r e d  
tube cap. 
only a f t e r  ordnance valve opening and during module f i r i n g  so t h a t  
standard AN and MS j o i n t s  were used allowing more rapid assembly 
and disassembly. 

The system sqhe- 

Three port ions of 
the  oxi-  

the pressurant gas s to rage  

The only j o i n t s  i n  t h e  hermetical ly  sealed a reas  

On the  ex te rna l  s i d e  o f  t h e  f i l l  and d r a i n  and vent valves ,  

The remainder of t h e  systems were subject  t o  leakage 

A drawing system was establ ished t o  provide f o r  l o g i c a l  
f a b r i c a t i o n  and f i n a l  assembly of the system. I n  add i t ion  t o  
def ining the steps of f a b r i c a t i o n  and assembly, a l l  in-process 
inspect ion and t e s t  s t e p s  were included i n  the drawing notes.  
For example, the s t e p s  of proof pressure tes t  and leak check of 
the various port ions of t he  system were defined i n  a sequence 
t h a t  would allow f o r  r e p a i r  before complete assembly. 
l i qu id  systems were general ly  hermetically sealed by weld j o i n t s ,  
the r e p a i r  of a leak la te  i n  the assembly process could r e s u l t  i n  
considerable disassembly f o r  r e p a i r .  

Since the 
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D. COMPONENT SELECTION 

1. Analysis 

Analysis of the systems requirement dictated some minimal 
and maximal performance parameters for the individual components, 
Investigations were made to locate qualified, "off the shelf ," 
cmponents for the system. It was desired that these units 
sho-ild have been qualified for systans equal to the stringent 
requirements of a sterilizable system. Requests for supplier 
proposals were issued on all components of the system exc-9t for 
the expulsion devices. In the case of expulsion devices, a brief 
initial survey disclosed that available designs were not suitable; 
and therefore, components would have to be manufactured to meet a 
specific requirement. 

A discussion of the selection or design of each component is 
presented in the following paragraphe. 

a. Eopellant Tanks 

An initial tank sizing analysis was conducted to determine 
the volumes and minimum allowable wall thickness for each propel- 
lant tank. The following tank volume calculations were considered: 

1) Propellant mass loaded; 

2) 
3) 5% ullage volume; 
4) Propellant decomposition; 

5) Propellant expansion from room temperature (70'F) to 

Approximate volume of expulsion device; 

sterilization temperatures (285'F). 

A lO'F margin was applied to the sterilization temperature for 
the design point. 

me calculations resulted in 15 in. and 16.25 in, inside 
diameter spheres for fuel and oxidizer tanks, respectively. The 
minimum wall thickness calculations considered safety factors of 
2.0 and 2.50 for yield and ultimate, respectively. Considering 
worst conditions of tank pressure and temperature, the oxidizer 
tank minimum wall thickness required 0.292 in. ior a maximum 
pressure of 942 psia experienced during sterilization. 
tank minimum allowable wall thickness of 0.0596 in. was required 
for the tank operating pressure of 250 psia. Both tanks were 
initially designed using 321 stainless steel as the material, 

A fuel 
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Following later inves t iga t ions  i n  ma te r i a i  compatibi3.ty 
and the d i sc losu re  of i r o n  adduct deposi t  with the sLain1err 
s t e e l s  i n  contact  with NeO4, titanium was se l ec t ed  f o r  both tanks 
due t o  i t 8  compat ibi l i ty ,  high strength-to-weight ratio, and a l s o  
i t s  a v a i l a b i l i t y ,  
f u e l ,  were heavy and not i n  production by any s- ippi ier .  

Aluminum tanksl while compatible with the  

Several other  s t u d i e s  were conducted t o  determine the  
The f i n a l  f i gu res  bared on amount of propel lant  mass loaded. 

70°F propel lant  and a 1.60 mixture r a t i o  a r e  given i n  Table 
111-7. 

Table 111-7 Propel lant  Weight Statement 

Item 
Tota l  Usable 
Unusab 1 e 

Propel lant  Decomposition 
Prt>pellant Sample 
Trapped i n  Feed System 
Loading Uncertainty 
Fuel Bias 
Maximum Outage 
Burning Time Margin 
(7.46 sec  minimum) 

Nomina 1 Prop e 1 1 ant Loaded 

69 -55 

0.35 
0.20 

10.90 
0.50 

1.39 
1.63 

84.52 

-- 

Fue 1 
U b )  
43.45 

1.74 
0.12 
0.06 
0 .so 
1.30 
0.87 
3.89 

51.93 

113 .OO 

2.09 
0.32 

10.96 
1 .oo 
1.30 
2.26 
5.52 

136.45 

b. Zero-g Expulsion Devices 

These devices must be capable of withstanding the  s ter i l i -  
za t ion  temperature while i n  con tac t  with propel lants  w i th  low o r  
no permeabili ty of propel lant  vapor. Elastomers, i n  general ,  were 
e i t h e r  permeable, not compatible with the propel lants ,  o r  cured 
a t  a temperature less thair the s t e r i l i z a t i o n  temperature. Metals. 
on the other  hand, were not permeable, and not  a f f ec t ed  by the  
temperature; however they were not  compatible with the  propel lants  
under the usage condi t ions,  Some of the possible  candidates t h a t  
were i n i t i a l l y  considered were: 

S t a i n l e s s  s t e e l  and/or aluminum bladder; 

Concentric convoluted aluminum diaphragm; 

Teflon (TFE, FEP laminates) diaphragm; 

S t a i n l e s s  steel  bellows. 
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Each of the above configurations were investig~ted for advantages 
and disadvantages with respect to the environmental an4 functional 
conditioqs, 

Metallic diaphragms can apparently stand eeveral cmplet? 
reversaln and waiild be impermeable because of allaetal construc- 
tion, However, this system requires a tank of the same material, 
to effect a welded joint, and as material tests proved later, 
stainless steel and/or aluminum would be usable only in the fuel 
sya tem , 

A concentric convoluted aluminum diaphragm u x l d  also be 
impermeable to propellants, but would be l'hlted to one complete 
expulsion cycle and would be limited to the fuel syet. 
of material compatibility with N2O4. 

because 

A diaphragm made of Teflon laminates, TFE, and FEP, would 
withstand the Sterilization temperatures (TFE and FBP are good 
for 500'F and 400'F, respectively), but would probably swell and 
allow propellant permeation. 

A stainless steel bellows would withstand sterilization 
temperatures and cycling without diffictr! t y  :.ut would be I imited 
to use in the fuel system, 

In addition to the bladder -diaphragm-bellows-type expul- 
sion used in one propellant tank, a screen-type expulsion system 
was considered for incorporation in the other pr ?Itant tank. 
The capillary screen concept would withstand ti,d E ceriliration 
cycle without difficulty except for possible compatibility prpb- 
lems between the screen material and the propellant. 

InitiaLLy, consideration was given to the use of a screen 
trap for the oxidizer tank. As the materials compatibility test- 
ing ?regressed, it became evjdent that stainless steel, nickel, 
and aluminum screens were noL compatible with N204 at 275'F, No 
other screen material of the proper mesh size was 3vai~abie & >  a 
diaphragm or bladder expulsion device was necer8ary for the oxi- 
dizer tank. 

Results of the 600-hr screening test of materials in 
N204 at 275'F indicated Teflon was compatible. 
it was decided to use a Teflon laminate diaphragm in the oxidizer 
tank and a screen trap in the fuel tank. 

On this basis 
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Since the tank material was titanium, an a t t e m p t  was made 
t o  fin; a supplier of titanium woven r c r e t .  i n  the mesh size 
necessary t o  support at least 2 i n .  of Mi. 
is beyond the current state of the art  i n  both wire drawing and 
wersing. 
i n  small diameters and is  quite b r i t t l e ,  making weaving extremely 
d i f f i c u l t .  Further investigation revealed etched titanium f o i l  
was availaole i n  proper mesh sizes although the material thick- 
ness was a problem. 
smaller than the material gage. Material 0.001 in.  thick etched 
t o  the required mesh s ize  was exposed to  fuel (MMII) at elevated 
temperature (275.F) with no material degradation o r  fuel  decomposi- 
tion. 
required a welding development prograin. 
was available: use t i t a n i t r m  sheet t o  build up a frame assembly 
and attach s ta in less  s t e e l  screen window assemblies using a 
crimping, riveting, or bolt ing technique, A seam welding tech- 
nique was developed t o  form a jo in t ,  as shown i n  Fig. 111-5. The 
stainless  s te l l  screen was sandwiched between sheets of titanium. 
A seam weld was &e outside the screen to  fuse titanium t o  
titanium and a second s e a  was maCe through the screen. This 
l a t t e r  weld did not provide complete fusion of the two metals; 
hawever, i t  did provide a good mechanical bond and sealed the 
jo in t  ag2inst fuel  leakage around t b  
weld samples as previously describe& ..+re prepared. Although 
the weld w a s  possible and proved t o  be adequate from a s t ruc tura l  
attachment standpoint, fuel  compatibility was a problem. Weld 
samples were passivated i n  8 mixture of water and MKfi. After a l l  
gas generation had stopped, the samples were exposed to  pure MME 
a t  elevated temperature. 
corapositioii while Dthers of similar construction did cause de- 
composition. 

Screen of t h i s  mesh 

The material becmes highly susceptible to  corrosion 

The supplier could etch hole diameters no 

Welding of t h i s  etched f o i l  into a t r a p  assembly, however, 
One al ternat ive solution 

edge of the screen. Seam 

Some samples caused no :ropellar?t de- 

On the basis of the e r r a t i c  resu l t s  obtained from the 
weld samples, additional samples using a riveted sandwich were 
tr ied.  Best resu l t s  from a leakage standpoint were obtained 
using aluminum alloy r ivets ;  however, jo in ts  were fabricated 
using monel r ive ts  because fuel  tank passivation was best  accom- 
plished using a water-MMfi mixture and t h i s  mixture w i l l  at tack 
aluminum r ive ts .  
shown i n  Fig. 111-6. 

The screen t r a p  in i t s  f i n a l  configuration is  



1x140 
Hcp-0-119 

f A 

Fig. 111-5 Ptopo8.d Welded C a r f F g l l r . t i c a  of Screen Trap 



m-68-119 III-21 

R i v e t s  2w2m37 ss 304L 1-4V T i t m i -  

+5&m SS 30U *e& 

DETAIL A 

165x800 Neeh 
ss 304L 

D E T b a B  

Fig .  111-6 Screen Trap Riveted Configuration 



111-22 HCR-68 -119 

c .  Pressurant  Gas Sphere 

This ana lys i s  was conducted t o  determine the  amount of 
n i t rogen  required for pres su r i za t ion  and t o  determine i f  t h e  s i z e  
of t he  se l ec t ed  conta iner  a t  the  se l ec t ed  loaded condi t ions  was 
adequate for t he  p re s su r i za t ion  of t h e  propel lan t  tanks ,  The 
loaded c o d i t i o n  was se l ec t ed  t o  be ambient temperature (70'F) 
and a pressure of 1550 f: SO pa ia .  
i n  selectin.; t he  loaded sphere pressure  were: 

The primary f a c t o r s  considered 

-;,rere design pressures  a t  70'F; 

Required ordnance valve s a f e t y  f a c t o r s  of 1.5 and 2.5 
and an ordnance valve proof presrure of 5400 p s i a  and 
b u r s t  pressure of 8000 p s i a  a t  70°F; 

A margin t o  v e r i f y  t h e  proof and b u r s t  pressures  u? t o  
a tenpera ture  of 285'F was considered. 

A propel lan t  tank p res su r i za t ion  and thermodynamics com- 

This computer program was 
puter  program (Martin Marietta Progran OD0411 w a s  used t o  p e r -  
form t h e  pressurant  s torage  ana lys i s .  
used t o  s imulate  the  expected test f i r i n g .  The simulated test 
f i r i n g  consis ted of a 100-sec prepressur iza t ion  period followed 
by a 300-sec burn (propel lant  outflaw) period. The pressur iza-  
t i o n  time of a 100 sec  was approximately t h e  time required for 
prepressur iza t ion  a t  t h e  r egu la to r  design n i t rogen  flow rate of 
0.015 Ib i sec .  
Because of a computer program l imi t a t ion ,  t h e  p re s su r i za t ion  and 
propel lan t  s torage  system w a s  simulated by a ni t rogen  sphere 
supplying n i t rogen  t o  one propel lan t  tank ins tead  of two tanks. 
The volume of t he  s i w l e  tank was equal  t o  t h e  total volume of 
both fue l  and oxid izer  tanks. -0 runs were made -- one run 
using oxid izer  (NTO) and the  o ther  run using f u e l  (HMH). The 
computer program ca lcu la t ed  the  pressure and temperature i n  both 
the n i t rogen  conta iner  and the  propel lan t  tank. 
t h e  n i t rogen  mass i n  t he  s torage  conta iner  and the  n i t rogen  and 
propel lan t  masses i n  t he  propel lan t  tank as a funct ion of time. 

The burn time of 300-sec w a s  t h e  design objec t ive .  

It also ca lcu la t ed  

As a p a r t  of t he  pressurant  s torage  ana lys i s ,  t h e  poss i -  
b i l i t y  of f reez ing  oxid izer  (hT0) during module propel lan t  ex- 
puls ion was inves t iga ted .  
the  temperature of t he  n i t rogen  en te r ing  t h e  tank could poss i -  
bly drop below the  oxid izer  f reez ing  temperature, and therefore ,  
could r e s u l t  in some NTO f reez ing .  

During pressurant  sphere blwdawn, 
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The pressurization and propellant expulsion of the oxi- 
dizer tank was simulated using the same computer program that 
was used for the pressurant storage analysis. The result, of 
this investigation indicated that while the nitrogen entering 
temperature dropped approximately to the freezing temperature of 
the oxidizer (472'R), the oxidizer temperature only dropped 2'R 
from its lnitial temperature of 530.R. The main reason for this 
small drop in liquid temperature was due to the high heat capacity 
of not only the liquid but the propellant tank. 
less significant, factor that attributed to the small liquid 
temperature drop was the increase in ullage temperature during 
prepressurization. 
were compressed and the temperature increased. 
stead of cooled the liquid. This factor is less significant be- 
cause even if the ullage tenperature was allowed to cool down, 
the high heat capacities of 30th the liquid and tank are sufficient 
to keep the liquid from freezing. 

Another, but 

During prepressurization the ullage gases 
This varmed in- 

After obtaining nitrogen and propellant mass flow rates, 
line sizing was completed with the selection of 1/4-in. gas lines 
and 1/2 -in. propellant lines. 

d. Gas Pressure Regulator 

Preliminary investigation for a suitable regulator design 
first emphasized a proved off-the-shelf item that would require 
a minimum of changes to meet the desired design parameters. 
Vendors were asked to submit a history of accomplishment, and/or 
qualification, and a materials of construction list. 
materials were included in the material compatibility tzsts. 
During this period discussions were carried on vith the various 
vendors to determine their proposed design philosophies, such as 
single stage versus multiple stage regulation. 
achieve the simplest design possible to provide reliability. This 
had to be accomplished within the range of control parameters that 
were specified by the system analysis. 

Proposed 

It was desired to 

A more complete analysis of thermal, pressure, and com- 
patibility effects could not be accomplished at this time because 
detail drawings were not available. This analysis was completed 
later in the program and i s  shown in Appendix A. The subjects 
coypred include stress analysis, tolerance analysis over natural 
and induced temperature range, and a failure mode analysis. 
attempt was made to make this a complete analysis in the sense 
of investigating each detail part; however, by icspection, those 
areas or details were selected that proposed the most critical 
or probable sources of failure. 

No 
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e. Solenoid Valve 

Investigation for a solenoid valve was confined to a 
direct acting, normally closed, two-way valve to be used as a 
fill-and-drain valve in the pressurant system. 
a low order of external leakage were of prime importance. Since 
this type of valve is manufactured by many different vendors, an 
analysis of suitability resolved into selecting the valves that 
had the most experience in similar environments. 
program and after selection of a specific valve an analysis was 
performed and is shown in Appendix A. 

Reliability and 

Later in the 

Very early in this investigation it became apparent thvt 
soft seat valves using Teflon or similar material8 pa the main pop- 
pet would be vulnerable to deformation and cold flow during the 
heal cycling. Therefore, hard seat (metal to metal) valves were 
favored, but this was not made an absolute requisite if the ven- 
dor could justify his selection. 

The filtration requirements for this system were initially 
based on the requirements used on similar systems on the Titan 111 
program. 
engine requirements became known, th i s  was upgraded to a nominal 
5-p filter. 

This called for a nominal 1O-p filter. Later, when the 

Manufacturing firms were surveyed to deternine design 
capabilities in small ligktweight filter assemblies. Information 
initially received disclosed many designs with elastomeric seals 
and a limited number of all welded filter designs. While all 
welded filters were favored, they were not specifically required 
and final evaluation was based on the results of the material 
compatibility tests. 

A more complete analysis was conducted at a later time 
after component selection. The results are shown in Appendix A. 

g. Hand Valves 

The design of the hand valves required for this system 
emphasized a very low order of external and internal leakage. 
Secondary parameters were flow and pressure drop. Initially the 
vendors all proposed stainless steel valves. When stainless 
steel incompatibility with oxidizer became known, all proposals 
were rejected and the vendors were asked to resubmit designs 
using aluminum or titanium. One supplier submitted a design in 
aluminum that duplicated an existing stainless steel design, It 
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was apparent that off-the-shelf pri 
able and each design would have to br evaluated on its mechanical 
merits and its material compatability. Further analysis could 
not be performed at this time because detail drawings were not 
available. However, the analysis bas performed later and results 
are shown in .‘.ppendix A. 

depims would not be avaii- 

h. Ordnance Valves 

This valve was supplied by JPL as government-furnished 
equipment. 
with the system operating pressure requirements. 
valve and squib had been exposed to sterilizacion environment on 
another program without degrada::on, it was used in this system 
and no further search for a vaI:e was made. This component is a 
combination of a normally open and narrnally closed valve in one 
housing. 

The structural design of the valve was compatible 
Since the 

i. Throttling Valve and Thrust Cttember Valves 

The initial intent of this program was to prowide an engine 
with throttling capability. When the selected engine did not have 
thro&tling valves, it was decided that a separate bipropellant 
throttling valve vould be subjected to the component sterilization 
cycles. 
with the propellants, to the heat sterilizatioa cycles. 
shipped to the JPL for test and analysis. 

This valve was submitted at GBE and exposed, in contact 
It was then 

The thrust chamber valves -- one oxidizer md m e  fuel -- 
were component parts of the engine selected for this program. 
One of each of these valves was submitted by the engine m w u -  
facturer for inclusion in the component sterilization test. 

2. Specifications 

After the initial system studies established the required 
component parameters, specifications were written for each of 
the components and submitted to vendors. 
tion was prepared that set forth the operating requirements, ma- 
terials compatibility, and nonoperating temperature exposure. 
No vibration requirements were imposed. Acceptance testing was 
confined to operating parameters and leakage. 

A short form specifica- 
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3, Select ion 

C r i t e r i a  f o r  the s e l e c t i o n  of each component were es t ab l i shed  
and a weighted grading system was set up, 
determined f o r  each component on the b a s i s  of funct ion wi th  
weighting performed on t h e  b a s i s  of expected and/or required 
r e l i a b i l i t y .  

These c r i t e r i a  were 

The grading shee t s  rrere submitted t o  JPL f o r  approval on 23 
A sample grading sheet  is  shown i n  Table 111-8. November 1966. 

Components were f i rs t  considered on the  b a s i s  of t echn ica l  
q u a l i f i c a t i o n s ,  as indicated by the weighted grading, folloved 
by a considerat ion of c o s t  and de l ive ry  schedule. I n  t h e  case 
of t he  hand shutoff valve,  t he  Teflon diaphragm, and t h e  screen 
t r a p  expulsion device, only s i n g l e  proposals were ava i l ab le .  
Therefore, t h e  only considerat ions i n  the  la t ter  s e l e c t i o n s  were 
whether the component was ope ra t iona l ly  capable of doing the  job. 
The screen t r a p  was designed by Martin Marietta Corporation and 
i t  was ul t imately decided t o  bu i ld  i t  "in-house ." 

a. Propel lant  Tanks 

The tank design se l ec t ed ,  Pressure Systems Inc. 80011-1, 
was the same design used i n  the JPL Advanced Lightweight Pres- 
s u r i z a t i o n  System (ALPS) Generant Tank Program with a feu minor 
design changes. The i n l e t  and o u t l e t  p o r t s  were strengthened t o  
accomodate mounting provisions.  In  add i t ion ,  t h e  forgings t h a t  
were used f o r  the f u e l  tanks allowed extra metal near the o u t l e t  
po r t .  
welding of the screen t r a p  t o  the  tank. The diaphragm mater ia l  
was Teflon r a t h e r  than bu ty l  o r  ethylene propylene compounds as 
used i n  the  ALPS program. 

This extra metal permited machining of a r i n g  t o  allow 

I n  add i t ion  t o  the modifications l i s t e d  above, t he  i n l e t  
shower head holes  were d r i l l e d  t o  a smaller diameter t o  prevent 
diaphragm extrusion a t  the high vapor pressure a t  s t e r i l i z a t i o n  
temperatures. 
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Table 111-8 Component Se lec t ion  Sheet 

Component Se lec t ion  Criteria Gar 
Presrurc  Regulator I 

Basic Design Analysis 

a) I n s e n s i t i v i t y  t o  thermal changes 

b) Pro tec t ion  of small o r i f i c e s  

c )  Complexity (0 -b 5 )  

d) 

e) 
Materials of Construction - Compatibi l i ty  

(-10 .+ +lo) 

(-10 .+ 3.10) 

Seat design (0 -. 5 )  

St ruc tu ra l  c a p a b i l i t y  (0 + 10) 

(0 -b 10) a 
a) I n t e r n a l  (0 + 

b) External  (0  + 

Perf onnance 

Leakage 

b) -0: on lockup (0 -b 5 )  

c) Overshoot on i n l e t  "squib valve" 
i n i t i a t i o n  (0 - 5 )  

d) Pressure band d r i f t  due t o  environ- 
mental changes (0 - 5) 

e) Allowable i n l e t  pressure v a r i a t i o n  
(0 -b 10) 

I 

I 

I 

5 .  Vendor 

a) Previous experience requi r ing  minimum 

b) 

I development (0 4 10) 

1 

1 6 .  Envelope and Weight (0 4 5 )  

, 7 .  Qual i f i ca t ion  S ta tus  

I 
Dslivery (one negat ive f o r  each week 

I pas t  t a r g e t  da te )  

a) 

b) Changes required (0 + 20) 

Degree of t e s t i n g  i n  compliance with 
JPL 30250B (0 + 20) 

Total  

111-27 
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b. Expulsion Diaphragm 

F ina l  s e l e c t i o n  of a diaphragm f o r  the oxidizer  tanks 
involved the  s e l e c t i o n  of a type of diaphragm r a t h e r  than the 
s e l e c t i o n  of a supp l i e r ,  
considered. 
r i l y  because of i t s  q u a l i f i c a t i o n  s t a t u s  and cycle  l i f e  c a p a b i l i t y .  
The Teflon diaphragm consisted 3f laminates of TFE (4 mils th i ck )  
and FEP (4 m i l s  t h i ck ) .  It a l s o  incorporated a crown of FEP 
(0.030 t o  0.035 i n ,  thick)  a t  the gas i n l e t  a r e a  t o  prevent ex- 
truding of the Teflon through the b a r r i e r  p l a t e  located i n  the  
i n l e t  port  (Fig,  111-7) .  

Both metal and Teflon designs Were 
The Teflon design of D i l e c t r i x  was se l ec t ed  prima- 

c .  Pressurant Tank 

The Menasco tank, P/N 812500-501, was se l ec t ed  because 
i t  scored higher than the other  supp l i e r  tanks, primarily i n  the 
area of t e s t  experience. 
had been i n i t i a l l y  se l ec t ed  because it  had b e t t e r  mounting pro- 
v i s ions  and l a s e r  c o s t .  However, the ma te r i a l  was ti tanium, 
7Al-bM0, which is extremely d i f f i c u l t  t o  weld. 
made not t o  r i s k  the welding problems. Only a s i n g l e  b o t t l e  
fabr icated from the  7AL-4Mo ma te r i a l  exis ted.  
Menasco indicated t h a t  no add i t iona l  b o t t l e s  of t h i s  material 
would be made, t he re fo re ,  l o s s  of the b o t t l e  a t  any point  i n  the 
program would r equ i r e  a change t o  another b o t t l e  configurat ion.  
No modifications to  the  se l ec t ed  tank were required.  

Another Menasco design, P/N 785000-503, 

A dec i s ion  was 

I n  addi t ion,  

d .  G a s  Pressure Regulator 

The se l ec t ed  design, S t e re r  Drawing 35570, was chosen i n  

It was b a s i c a l l y  the same design as t h a t  used 
preference t o  S t e r e r  Drawing 23010 because i t  i s  a proved, 
q u a l i f i e d  d e s i p  . 
on Mariner I1 (S te re r  Drawing 18910). 
b a l l  r e sea t ing  pin was changed from 2024-T4 A l  t o  s t a i n l e s s  s t e e l ,  
Other changes include the add i t ion  of a 10-p f i l t e r  on the i n l e t  
s ide ,  change of i n l e t  and o u t l e t  po r t s ,  and chnngr of pressure 
s e t t i n g  t o  conform t o  the present app l i ca t ion ,  

Material  i n  t he  cap and 

e .  Solenoid Valve 

The chosen design was se l ec t ed  because it was b a s i c a l l y  
the same a s  S te re r  Drawing 3158b, which was q u a l i f i e d  f o r  use on 
the b i o s a t e l l i t e .  Minor cha..iges included the s u b s t i t u t i o n  of 
Kynar f o r  a nylon threadlock, 
area and was backed up by a f i n a l  wire lock. 
compound was changed t o  one t h a t  was compatible wi th  ethylene oxide 
and the ports  were changed t o  conform t o  the  present app l i ca t ion ,  

The threadlock was i n  a n o n c r i t i c a l  
The solenoid po t t ing  
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This valve incoLporates f i l t e r s  a t  both the i n l e t  and 
o u t l e t  po r t s ,  thereby reducing the p o s s i b i l i t y  of seat contamina- 
t i o n  during both the f i l l  and d r a i n  operat ion.  
must be closed during the thermal cycl ing,  the al l - tnetal  s e a t  
precludes any degradation by cold flow t h a t  might be present i n  
a s o f t  s e a t  deeign. 

Since t h i s  valve 

The Western f i l t e r  and the second choice designs were 
r a t ed  equal on a technical  b a s i s  w i th  the Western f i l t e r  s e l ec t ed  
on the b a s i s  of c a s t ,  
however, i n  t h i s  case t h i a  was n 0 t . a  zroblem s ince  the f i l t e r  
assemblies were not i n  contact  with propel lants  during the hea t  
s t e r i l i z a t i o n  cyc le s ,  

A l l  f i l t e r  designs were of s t a i n l e s s  s t e e l ,  

;. , Hand Shutoff Valve 

Results of the 600-hr compatibi l i ty  program indicated 
t h a t  i r o n  or nickel  bearing a l l o y s  could not b t  used i n  contact  
with oxidizer .  .In addi t ion,  aluminum was mildly incompatible 
with N,O4 a t  600 h r ,  but not a t  300-hr exposure.' Only t i tanium 
proved t o  be a completely compatible metal. 
o r i g i n a l l y  received indicated use of s t e e l  hand valves.  
round of proposal requests  indicated no t i tanium component de- 
s igns and only a s i n g l e  aluminum design,  
partial  incompatibi l i ty ,  the aluminum valve design by Vacco was 
se l ec t ed ,  This dec i s ion  was influenced by the f a c t  t h a t  although 
corrosive a c t i o n  would occur on the  aluminum, the  propel lant  
would not be degraced as would,be the  case with s t e c l s .  
both the customer -supplied aluminum ordnancm valves and the 
selected band valves were overdesigned s t r u c t u r a l l y ,  t h e  a t t a c k  
woGld not cause s t r u c t u r a l  f a i l u r e .  I f  a f l i g h t  system were t o  
be b u i l t ,  t i tanium components should be used throughout. t h a t  part 
of the system exposed tu oxidizer  (N204) during heat  s t e r i l i z a t i o v .  

A l l  propoc?ls 
A secorli  

Therefore, d e s p i t e  the 

Since 

E. COMPONENTS AND SYSTIW TEST PLAN 

As a part of Task I - -  the  ana lys i s  and design of the propul- 
s ion system -- a comprehensive t e s t  plan, MCR-67-20, was prepared 
t o  i n i t i a t e  the support a c t i v i t y  of the  Yest Department, 
t e s t  plan included the s t e p  '5y step a c t i v i t y  required f o r  both 
Task 11, Component Test and Evaluation, and Task IV, System Test 

T1:o 
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ad Evaluarion. I n  . ,s way a uniform approach tc  the test sup-  
port  a c t i v i t i e s  could ba ob'ained. Figure 111-8 presents  t he  tes t  
requirement: of Task I1 and IV. The dashed l i n e  and phantom areas 
show how support a c t i v i t i e s  or̂  design engineering contr ibuted t o  
the o v e r a l l  success of the test a c t i v i t y .  

The tests i n  Task 11 were programed through a second a e r i e s  
of t e s t  cycles  t o  e s t a b l i s h  some degree of margin of the com- 
ponents. 
r e l i a b i l i t y  could be considered. 

In t h i s  way i n i t i a l  information of t h e  component 

The requirement f o r  test 'procedures yas es t ab l i shed  by the 
test  plan. The procedures provided s t e p  by s t e p  d i r e c t i o n s  f o r  
performing each operat ion c o r r e c t l y  and uniformly each time. 
They a l s o  provided f o r  s a f e t y  precautions,  f a c i l i t y  preparation, 
and instrumentation in s t ruc t ions .  

By e s t ab l i sh ing  a log book system a i t h  a checkoff procedure, 
each component was t e s t e d  i n  accerdance with t h e  plan. 
way e f f e c t i v e  con t ro l s  were maintained for  compariscn of perform- 
ance degradation. 

I n  t h a t  

The provisions of JPL Spec i f i ca t ion  VOL 50503-€TS vere i n -  
t e r p r  The hea t  s t e r i l i z a -  
t i o n  - _ _ _  Zoiksisted of 12 cycles  of exposure t o  t h c  componer.ts 
and S ~ K  cyc le s  of exposure t o  the assembled module t h a t  f o l l a e d  
the time-temperature p r o f i l e  s.iown i n  Fig. 111-9. During the  
hea t  cycles  the  tes t  atmosphere vas gaseous nitrogen. 

. and implemented by the test plan. 

S t e r i l i z a t i o n  r e q u i r e m e t s  a l s o  d i c t a t e d  t h a t  the a s s a b l e d  
module be q u a l i f i e d  f o r  exposure t o  the  decontam t i o n  environ- 
ment. This c o n s i s t s  of s t x  cycles  of exposure t o  a mixture of 
12% ethylene oxide and 88% Freon 12 over t h e  time-temperature 
p r o f i l e  shown i n  Fig. 111-10. To be e f f e c t i v e ,  t he  concentra- 
t i o n  of the mixture is 600 mg/ l i t e r  of gaseous atmosphere a t  a 
r e l a t i v e  humidity of 50%. 
was gasecus nitrogen. 

The remaining atmospheric cons t i t uen t  

I n  addi t ion t o  s e t t i n g  tip t he  tes t  requirements of the p ~ o -  
gram the test  plan s c t  f o r t h  the  schematic layout of a l l  test 
XxtrJres f o r  the components and OE t he  complete module. T h l s  
represented a major port ion of t he  plan and presented a c l e a -  
c u t  o u t l i n e  f c r  the test f i x t u r e  design a c t i v i t y .  

Tkc: inst rumertat ion l ist  f o r  each component test and the 
complete nodule f i r i n g  test was prepared t h a t  e s t ab l i shed  the 
cLc ? ? D e i  to  be instrumcqt*:a, the expected renge and the accuracy 
t L y g  . i red.  
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F. FLIGHT SYSTW DESIGN 

As indicated prcviously, no a t t empt  was made co des ign  and 
bui ld  a f l i g h t - q u a l i f i e d  system. It would be  we l l ,  however, t o  
point  out  t he  d i f f e rences  between t h i s  system and a similar f l i g h t  
ready system. In  general ,  the  d i f f e rences  are those t h a t  would 
make the  system more near ly  meet a s p e c i f i c  set of performance 
requirements i n  a r e l i a b l e  way. 
a r e  as follows: . 

The s p e c i f i c  system d i f f e rences  

1) - S t r u c t u r a l  des ign  aiid f a b r i c a t i o n  materials would be 
of t he  g r e a t e s t  s t r e n g t h - t o v e i g h t  r a t i o  c0mpu:ikle 
with the  required environments. This  would probably 
r e s u l t  i n  t h e  use of t i tanium a l l o y s  f o r  a major 
por t ion  of t h e  s t ruc tu re ;  

System cmponents would meet t he  s p e c i f i c  performance 
reqvired. Components se lec ted  f o r  use i n  t h e  program 
were nc:essarily of the  off- the-shelf  va r i e ty .  
a t t e m p t  was made t o  obta in  u n i t s  q u a l i f i e d  on o the r  
programs which would meet rhe perfoinance requirements 
of t h i s  program. Spec i f i ca l ly ,  t h e  fo:lowing changes 
would be made - 
a) Propel lan t  Tanks - Each tank would be designed 

2)  

A n  

t o  meet i ts  s p e c i f i c  requirement. 
both the  f u e l  and oxidizec tanks were i d e n t i c a l .  
The p a r t i c u l a r  des ign  se lec ted  near ly  matched the  
ox id ize r  tank requirement of voltme and maximum 
opera t ing  pressure but  was considerably overde- 
signed f o r  t h e  f u e l  app l i ca t ion ,  

b) Regulator - The regula tor  chosen fo r  t he  module 
very near ly  matched the  performance requirement. 
Modifications were made i n  the end connections 
t o  make t h e  r egu la to r  compatible wi th  t h e  ex te rna l  
Leakage criterra so t h a t  t h i s  component, which had 
been adequately q u a l i f i e d  cn another program, 
would r equ i r e  no change i f  a f l i g h t  system were 
b u i l t ,  

Hand Valve - Much d i f f i c u l t y  was experienced i n  
f ind ing  a hand valve meetinq the leakage and 
compat ib i l i ty  requirements of t he  system. Neither 
s t e e l  nor aluminum a l l o y s  are compatible wi th  oxi -  
d i z e r  (N204) a t  the  s t e r i l i z a t i o n  temperature 
(275'P). 

I n  t h i s  program 

c) 

F l igh t  system design would r equ i r e  a 
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valve of titanium using a titanium bellows stem 
seal and a hard seat and poppet. The valve used 
was of aluminum alloy and used a chevron stem 
seal packing of Teflon. Although adequate per- 
formance was obtained, the poppet and seat were 
oxidized after testing and the stem seal packing 
leaked as a result of cktousion of the Teflon 
packing, 

valve would asaure comyatibility with the ox i -  
dizer. In addition, a problem was experienced 
with the flange gasket seal joict on the propel- 
lant side of th valve. Fur the core of a flight 
system, welded tube joints would be used at both 
the inlet and outlet connections. The valve used 
met all performance requirements because it was 
qualified for spacecraft use, 

e) Line Filters - No difficulty was experienced with 
the propellant line and gas system filters. 
stainless steel construction is allawable in this 
case sivce the filter is not in contact with pro- 
pellant at sterilization temperature. 
flight system the filters used would be sitea to 
meet the specific flow rates expected to minimize 
we2 gh t , 

Val. ir would be required in a spacecraft system. 
I;t general, this function could be performed by 
normally opednormally closed ordnance valves 
unless a large number of actuations were required. 
If such a valve were required, it would be con- 
structed of compatible material and would feature 
a hermetically sealed solenrid coil using high 
temperature insulation on the coil windings, 

g) Engine, Thrust Chamber 'lal;-es and Throttling 
Valve - These components are normally designed 
for a specific mission. 
would be of materials compatible with heat (275OF) 
2nd external ethylene oxide exposure, 

d) Ordnance Valve - Agaic the use of a titanium 

The 

For a 

f) Solencid Valve - It is not clear that a solenoid 

Their construction 
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3)  

h) Expulsion Devices - Two types of expulsion devices  
were used f o r  t h e  module. E i t h e r  t r p e  would be 
capable of spacecraf t  use. 
tem were designed, t he  screen trap device would 
be adequate and r e l i a b l e .  I n  f a c t ,  a screen 
trap device of t i tanium o r  tantalum would be 
designed f o r  t he  oxidizer  tank s i n c e  i t  is in- 
heren t ly  more r e l i a b l e  than a diaphragm o r  bladder;  

I f  a siitgle-burn sys-  

Design the  system t o  provide a d d i t i o n a l  r e l i a b i l i t y .  
This would include the add i t ion  of such redundant 
components as regu la to r s  and ordnance valves;  

4) Control of component and system design, f ab r i ca t ion ,  
and tes t  would be g r e a t l y  increased because l a rge r  
and more d e t a i l e d  s p e c i f i c a t i o n s  are required t o  
cover supp l i e r  operations.  I n  add i t ion ,  receiving 
inspect ion requirements would be increased along wi th  
s p e c i f i c a t i o n s  covering in-house processes and han- 
d l ing .  
c o n t r o l  would be used t o  a g r e a t e r  degree. This con- 
c e p t  r equ i r e s  t h a t  a s p e c i f i c  engineer be responsible  
f o r  each component from the  or ig i t la l  supp l i e r  proposal 
evaluat ion through the usage on tne space vehicle .  
In  add i t ion  t o  being responsible,  t he  engineer a l s o  
ca r ies  the  a u t h o r i t y  t o  r e v i s e  o r  s t o p  the  program 
at any point t h a t  he f e e l s  the compcnent is not 
being used properly. 

The "product i n t e g r i t y "  concept of engineering 
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IV. MATERIALS EVALUATION 

A. LITERATURE SEAEH 

I V - 1  

Appropriate technical documents were surveyed to select mate- 
rials for potential use in the design and f8brication of the 
stetilizab1e engine module. 
asiure that only those materials showing the most promise would 
be evaluated, testing wbuld be minimized, and tbat selected test 
mtthods would yield useful design data. 

The purpose of the survey was to 

The tollowing basic characteristics were considered in the 

Compatibility of the selected propellants -- mono- 
methy1hydrazir.e and nitrogen tetroxide -- when ex- 
posed to the dry heat sterilization temperature of 
275'F; 
The compatibility of materials of construction with 
the selected propellants at sterilization temperatures 
and for one year storage at r o w  temperature; 

Thermal properties of materials and propellants at 
the sterilization temperaturs; 

Compatibility of materials with the decontamination 
agent of 12% ethylene oxideI88X Freon 12. 

1. Monomethylhydrazine (MME) 

Only a limited amount of data was available on the propellant 
at either room or elevated temperatures. Since the chemical 
mopertie8 of monomethylhydrazine and hydrazine are quite similar, 
and since hydrazine presents the more critical condition due to 
its greater reactivity, it was assumed that their compatibility 
chxacteristics were interchangeable. Furthermore, a review of 
+!le t-xupatibility Oi selected materials revealed no discrepancies 
in . .e data. 

Additional information was noted in the Olin Chemical Division 
Monomethylhydrazine Product Data (Ref 4). 
nct a consideration, a material may be used although it would not 
normally be reccmended for general applications. 

If long-term life is 

015.11 also 
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indicates (Ref 5) that decomposition can be caused by contact 
with rust, molybdenum, and copper or its alloys, resulting in a 
spontaneous fire, When a film of MMH come8 in contact with such 
metallic oxides as those of iron, copper, lead and manganese, it 
may cause the MMH to decompose often with suaficient temperature 
increase to cause spontaneous ignition. 

2, Nitrogen Tetroxide (NBOd_ 

Numerous aerospace and research organizations have been active 
The work in testing compatibility of N204 with various materials. 

done by AcroJetCeneral and Martin Xarietta in support of Titan 
vehicle development greatly restricted the list of materials to 
be tested in this sterilization program. The literature search 
confirmed that in addition to the MartizL Harietta Propellant 
Compatibility Report (kef 6) there were data available covering 
the temperature range of 60 to 180°F, but very little data at 
the sterilization temperature of 275'3. 
have shown that the degradation rate of materials at elevated 
temperatures is not linear, and that significant side effects may 
be experienced. 

Martin Marietta tests 

The literature also suggested that the formation of particulate 
matter in the presence of ferrous alloys would be cause for con- 
cern. If the ferrous alloys exhibited corrosion in the presence 
of N,04 at 275OF, significant quantities of Fe(N03)~ N204 would 
be formed. Tnis substance is an insoluable nitrate formed in 
N204, contaminated with nitrosyl chloride (Nocl) in the presence 
of metallic iron. 

3. Compatibility of Materials 

A group of candidate materials of construction was developed 
so that our literature search could be confined to the most 
promisihg materials. 
N204 or the UDMH/hydrazine blend during the Titan program were 
omitted from further consideration. Table IV-1 presents the 
data results for the more promising materials considered. 

All materials shown to be incompatible with 

4. Thermal Properties of Materials 

A study of the effects of the thermal property variation in 
the temperatlire range from 70 to 285OF was conducted. 
fects of the thermal environmeart on the chemical and physical 
properties of the candidate materials have been compiled in 
Tables fY-2  and IV-3. 

The ef- 
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Table IV-3 Sunmury of Typical Nonmetrlr Campatlbli w i t h  Decontamitrtioa 
end Ster :liartion Cycler 

Matertal Ur Trade Name bUc Materhl Applicrrlonr 
Adhetlvec PD-4M Epoxy . .  

pu-468 Epoxy 
9'r v-102 SlllCOnc 
RTV-611 SlUca  
RTV-ti60 sillcon 
Eccobnd 57c EPOXY 
RTV-60 . S l l t C ~  

SIHcone u p  DC-269 

J 



IV-6 HCR-68.119 

In the metallic area, members of the ferrous, titanium, and 
other heat-rerirting groups exhibit little change A n  the tempera- 
ture range. 
propertier at the maximum temperature and those effected by long- 
term overaging w i l l  experience some degradation in elongation 
e--4 tensile strengths and an incrcare in euaceptibility to inter- 
granular and stress corrosion. 

Aluminum alloyr may experience a slibht l o s r  in 

In the nonmetals area, a review of data presented in reports 
from earlier studies was made, 
type for some of the plastics, the formulation and cure cycle 
must be known. Compatibility propertiea can be significantly 
changed by variation in there items. 

When using information of this 

Table IV-2 lists the compatibility of a cross section of the 
materials etudied. 

5 Candidate Materials Compatibility with 12% Ethyleng Oxidel88X 
Freon - 
Results of the survey on cmpatibility of the candidate mate- 

rials with the ethylene oxide decontamination fluid indicate 
that data are available on moot material families. Tk,se data 
have been cmpiled in Tables IV-1 and X V - 2 .  

B. DEVELOPMENT OF TEST TECHNIQUE 

The nsrteria1.s t e a t  pr'ogram included ;.everal distinct test 
activities f n  znree broad categories: (1) tests of materials j q  
contact with propellants in the sterilization temperrcure of 
275'F; (2) test of materials in a dry heat environment in a 
nitrogen atmosphere; and (3) epecial purpose tests that included 
material compatibility with ihe ethylene oxide decontamination 
agent, and flammability tests of propellant with the decontaaina- 
tion agent to mention only two, 

While the latter two cetegories were straightforward in test 
approach, we co::c.xned ourselves i'ith the bateriala testing in 
contact with pr-pellants. To dimre valid results in this area, 
a series of short-term preacreeniiig tests were performed, This 
group of tests aervcd to elimiL,ate those materials showing de- 
gradation .-nd to provide design and ope. .;ion6 data for later 
screening tests sild long-term etorabe tests. Figure IV-l B ~ O W S  
the overall materials te3t ptogrm in blr-ck form. 
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To implement the materials test p r o g r u  8 Ihterials Hv.lur- 
t ion Test Plan, =It-66-63, waa prepared md  submitted to JPL. 
It dercribed the tests t o  be run, the uteri8h to be rukritted 
for evaluation, .ad the test procedures. I n  d d i t i o a ,  the 

rquirements were described. 
eleeuhcre i n  t h i s  report. 

hquipcnt  dcsigr, the S8fety prtC.Utioh8, rad thc btmt8tiOXl 
Detailed r e r u l t s  are presented 

Instruction fo r  the preparation of the material test speci- 

The test 
mens war presented. 
tation r q e s  .ad necesuary .ccuracies were detailed.  
plan provided uniformity in test approach that led t o  r e l i ab le  
test rerults and evaluations. 

The neccssuy control r q e s  and instrum- 

1. Material ReucrecnLar Tests 

So that t ipe ly  information could be obtained from this series 
W e  cylinders of of ttstr sirple test containers were employed. 

306 s ta in les r  steel were used for  the oxtditer (HA) tests, .ad 
300 series s ta in less  steel tube sections were rusd fer the fuel 
QUE) tests. The test durations were from 1 t o  200 hr. Metale 
specimens conformed t o  the XASA -ley Research Center m f i g u r a -  
t ion Shawn in Fig. IV-2. 
of yield streqgth on the doublt b e d s ,  respectively. 
proiesses were used for  welding and cleaning equipment urd speci- 
mens. 

Specimens were s t ressed t o  SOX ud 75% 
St.ndr.cd 

The high ac t iv i ty  of the propellants abscurd  of the 
results of the very early tests and made i t  necessary t o  contin- 
ually reappraise the test t6chniques. .During the course of the 
prescreening tests, it was determined that %solation of test 
specimens and meticulous care i n  the equipment cleaning contributed 
most to  the later success of tne screening, long-term, and special 
tests. 

For later tests, specimens were contained i n  glass test tubes 
each containing some propellant so t ha t  cross ta lk  between speci- 
mtns and the propellant w a s  isolated. Careful cleaning, passiva- 
t ion,  and inspection techniques were used to reduce propellant 
reactions or decoaposition to  an absolute minimum. 
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Note: Surface f i n i s h  to be - 
between 16 and 32 RHS. 

- Specimen No. - 
~~ ~- 

Spotveld 
,/ 

(a) 3ou'Ae Seam Specimet 

\Dissimilar to the 
Stress  Specimen B 

\ 
L B  Stressed Specimen 

(b) 9 i ss imi lar  Metal Stress  Specimen 

Fig.  IV-2 NASA-Langley Test Specimen Configurations 
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2 .  Screening Tests 

To provide the  necessary design d a t a  for  materials s e l e c t i o n ,  
candidate materials f o r  propel lant  s torage tanks including those 
materials f o r  expulsion devices  were exposed t o  the propel lants  
=-r 300 and 600 h r  a t  275.F. The s h o r t e r  du ra t ion  provided d a t a  
Lor i n i t i a l  s e l e c t i o n  with a f u l l  600-hr exposure providing f i n a l  
v e r i f i c a t i o n .  The exposure durat ion was ‘established t o  meet the 
requirements of t he  Voyager environmental s t e r i l i z a t i o n  specif  ica- 
t i o n  f o r  piece parts, VOL 50503 ETS, January 1 2 ,  1966. 
uous exposure of the planned durat ion was ussd r a t h e r  than six 
cycles  of 96 h r  each. 
it was decided t h a t  continuous exposure t o  a f u l l  du ra t ion  was 
j u s t i f i e d  as opposed t o  the  c y c l i c  exposure wi th  a t t endan t  r i s k  
of ref luxing the propellant out the g l a s s  tubes during the cooling 
cycles .  

A- con t in -  

Since the re  were no moving parts involved, 

The specimens, a l l  Langley specimens except Teflon and 1100-0 
aluminum, were arranged i n  a rack in s ide  a high pressure ves se l  
described i n  the  next s ec t ion .  Each specimen was i n  a g l a s s  test  
tube loosely stoppered t o  prevent contamination of the  v i a l  by 
vapors from the  s a c r i f i c a l  propel lant  i n  the bottom of each high 
pressure ves se l .  Each specimen and vesse l  was throughly cleaned 
and passivated.  The bombs were charged while maintained under a 
gaseous ni t rogen blanket t o  avoid oxygen contamination. Slow 
heat ing and cooling rates were employed so t h a t  the propel lants  
i n  the individual  tubes would not r e f l u x  i n t o  the  main r e se rvo i r  
of propel lant .  Figure IV-3 shows the o v e r a l l  arrangement of 
t e s t  tubes and holding rack. 

Temperature of the  high pressure f u e l  ves se l  was control led 
by an ethylene glycol  bath t o  ‘efiminate any p o t e n t i a l  hot  spo t s  
caused by a heat ing tape.  A local ized hot spot  might i n i t i a t e  
fue l  decomposition. The oxidizer  ves se l s  were heated by heater  
tape s ince  decomposition of the  oxidizer  was unl ikely a t  the 
temperature of 27S°F. 
t e s t  setup are shown i n  Fig. IV4 and IV-5, respect ively.  

’ 

The oxidizer  test  setup and the  f u e l  

3, Long-Term Storage Tests  

Subscale tanks containing the materials of construct ion,  i n -  
cluding expulsion devices ,  t o  be employed i n  the propulsion 
module were suhjecteu t o  the temperature environment for evalua- 
t i o n  a f t e r  a one-year s torage a t  ambient condi t ions.  Three ox i -  
dizer  tanks and t h r e e  f u e l  tanks were exposed. 
configuration was opened a t  four-month i n t e r v a l s ,  represent ing 
a f u l l  year’s  s torage.  

One of each 

A fourth was held as a con t ro l  specimen. 
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Each subscale oxid izer  tank contained a sample of the Teflon 
laminate represent ing the expulsion bladder i n  those tanks.  The 
Teflon s t r i p  was approximately 2 ~ 0 . 2 5  i n .  The thickness  was 
made up of  a laminate of 0.0075-in. TFE and 0.0075-in. FEP. '?.he 
s t r ips  of Teflon were uns t ressed ,  
welded titanium specimen s imi l a r  t o  the f u e l  tanks,  

Each tank a l s o  contained a 

4 .  Ethylene Oxide Tests 

Mater ia ls  compat ib i l i ty  t e s t s  performed with the  ethylene 
oxide decontamlrdtion agent were cont ro l led  i n  the  following 

12% ethylene oxide/88% Freon 12 was t he  decontamina- 
t i o n  agent;  

The concentrat ion was 600 mg/ l i t e r  of atmosphere; 

The remaining cons t i t uen t  was gaseous n i t n g e n ;  

The tes t  temperature was 122'F; 

Pola t ive  humidity, 45% 2 LO; 
Duration, 16& h r  o r  as appl icable .  
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C. TEST FIXTURE DESIGN AND FABRICATION 

The screening test pressure vessels were 6 in. in diameter by 
One end was closed by a pipe dome and the other had 24 in. long. 

a bolted flange. 
tiers, each tler containing nine glass specimen containers. 

The specimens were mounted on 4 rack in three 

The oxidizer vessel was .abricated from schedule 80-304 stain- 
less steel seamless pipe, 
stainless steel with a rating of 900 psi. 
drostatifally tested to 1600 psi for a period of 5 minutes. 

The bolted flange and dome were 310 
The vessels were hy- 

The ftlel vessel was the same size as the oxidizer tank but it 
was 304 stainless steel throughout. The flange and dome were 
rated at 150 psi and the cylindrical pipe was schedule 40. 

Figure IV-7 shows a typical schematic of the vessel installa- 
tion. The oxidizer vessels were heated by electrical tape and Zo- 
cated in a separate test cell. The fuel vessels were immersed in 
a barrel containing ethylene glycol for an even tempersture bath. 
The fuel vessels were plumbed similar to the oxidizer tanks but 
located in a different test cell, Both tank configuration and 
associated equipment were cleaned according to Martin Marietta 
Drawing 327-902000. for liquid oxygen use. 

Pressure and temperatu- 3 measurements were made using Tabor 
transducer Model 176 and chromel/alumel thermocouples. Deadweight 
accuracies were _+O,OOl% of full scale using Heise gage calibration 
equipment. Thermocouples were calibrated by selected temperature 
steps checked against B laboratory thermometer. Temperature con- 
trol was maintained to within +2OC by a stepless power application 
to resistive heaters. 
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To Atmorphere 

Reartiriaation Monitorin8 and 
Vent Syatem. Typical for N&, 

-4 Inrulation 

T + i n .  Stainlrrr Steel 900 ASA Rating 

I .  
&&: . I .  Typical teat fixture configuration for 

N f i 4  t e e t .  
Fuel teat fixture is  the same except for 
prereurc ratingr of flange end pipe and 
method of appltcation of heat with 
cthylrna glycol bath inetaad of heater 

2. 

blanlretr.. 

Fig. IV-7 Compatibility Screening Test Fixture 

D. MATERIALS TESTING 

1. Material Tcsting with Propellants 

a. Prescreening Tests 

IV -1s  

This series of short-term tests was performed to verify 
literature data and to assist in developing procedures for con- 
ducting the later screening tests. 
posing small material samples to each propellant in combination 

The tests consisted of ex- 
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with the dry hea t  s t e r i l i z a t i o n  temperature of  275'F for  per iods 
up t o  120 h r .  Sample conta iners  were fabr ica ted  from 304 s t a in -  
l e s s  s t e e l  Hoke cy l inders  o r  from 1- in ,  tubing sec t ions  of  appro- 
p r i a t e  mater ia l s .  The ma te r i a i s  t e s t ed  included: 

6081-T6 Aluminum FEP and TFE Teflon 

1100-0 Aluminum B-591-8 Butyl Rvbbcr, Packer 

6AQ-4V Titanium E515-8 Ethylene ?ropylene Rubber, Packer 

321 S ta in l e s s  Steel. AF-E-110 Carboxy Nitroso Rubber 

Nickel 

Lead S-9711 S i l a s t i c  Compound 

A number of important items o f  information was developed 
during t h i s  series of .subscale tes ts .  The formation of idducts  
of i ron  was a major problem. With only one exception, the  phe- 
nomenon was found i n  a l l  t e s t s  conducted on ferrous-based a l l o y s  
i n  the presence of  N204. 
less s t e e l  was placed i n  an open g l a s s  v i a l  containing N20, and 
inser ted  i n t o  a 304 s t a i c i e s s  steel Hoke cy l inder ,  which a l s o  
contained N,O, t h a t  d id  not ,  however, cover the  v i a l .  
system was exposed t o  275'F f o r  120 h r ,  a l i g h t  res idue  was found 
on the wal l s  of t he  Hoke cy l inder ,  bu t  none on the  specimen. 
phenomenon led t o  add i t iona l  tes ts ,  
a sce r t a in  whether the ferrous-based . l l o y s  would form t h e  adducts 
i n  the absense of any other  metal  and any nonmetal. 

In  t h a t  ins tance  a sample of  321 s t a in -  

Af t e r  t he  

This  
These tests were conducted t o  

Special  containers  were fabr ica ted  wi th  appropr ia te  
welded end p l a t e s  t o  assure  a s i n g l e  cons t i t uen t  system r a t h e r  
than introducing unknowns from commercially ava i l ab le  tube f i t -  
t ings .  Both propel lan ts  were tec ted  f o r  96 hr.  

The r e s u l t s  of  these tests proved adducts of  i r o n  w i l l  be 
formed by any ferrous-based a l l o y  when i n  contac t  with N,O, a t  
275" Rate of  formation appears t o  be  approximately l i n e a r  and 
increases  a s  the amount 0 2  a l loy ing  agents  increases .  Evidence 
ind ica tes  n i cke l  and molybdenum a s  major causes of  adduct fonna- 
t ion.  Conversely no r e s idua l  contamination i s  formed when alu-  
minum a l loys  o r  t i tanium a l loys  are exposed t o  the  same environ- 
ment, 

Fuel  d id  not  r e a c t  with any metal  a l loy  except 316 s t a i n -  
less s t e e l .  
d id  form a p a r t  of the  conta iner  used f o r  screening t e s t s .  
a t t a c k  was observed on the metal ,  however, decomposition of the  
f u e l  d id  occur. 
num i n  the a l l o y ,  

This a l loy  was not  considered f o r  systems use but  
No 

Tkis was a t t r i b u t e d  t o  the  presencz of molybde- 
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No nonmetals were t e s t ed  t h a t  proved t o  be completely 
compatible with N204 a t  27S°F. 
s l i g h t l y  a f fec ted  i n  tests up t o  70 hr.  Resul t s  were not  c l e a r  
s ince  the  f i r s t  series of specimens v a s  exposed i n  s t a i n l e s s  s t e e l  
Eoke cyl inders ,  which r e su l t ed  i n  oxid izer  cmtamination. A sec- 
ond test of 69 h r  a t  27S°F i n  a 6061-T6 aluminum container  re- 
vealed simfla; e f f e c t s  on the Teflon mater ia l s ,  and a th in ,  white 
p r e c i p i t a t e  remained on the container  wal ls  and the  Teflon speci-  
men a f t e r  the propel lan t  was drained. 

IFE and FEP Teflon spec*aens were 

Elastomers including s i l a s t i c s ,  bu ty l  rubber, e thylene 
propylene nibber,  and n i t r o s o  rubber l o s t  significant.  mechanical 
proper t ies ,  b l i s t e r e d ,  i gn i t ed ,  or went i n t o  so lu t ion  a f t e r  short-  
term exposure t o  N204 a t  275OP. 

Both n icke l  and lead sustained a t t a c k  when exposed t o  
N204 a t  27S°F. 
lead n i t r a t e ,  respec t ive ly .  S u f f i c i e n t  a t t a c k  occurred t o  elimi- 
nate both materials from fu r the r  considerat ion.  

This r e su l t ed  i n  formation of  n icke l  n i t ra te  and 

A l l  metals exposed t.) MMH f u e l  demonstrated compatibi l i ty .  
Teflon was the  only nonmetal unaffected by exposure t o  the  f u e l  
a t  27S°F. Ethylene propylene rubber was the least e f fec ted  of 
e las torrer ic  rubbers when tested a t  275OF f o r  24 hr. 

Tables IV-4, IV-5, and IX-6 present  the complete test 
h i s to ry  and r e s u l t s  of the prescreening t e s t  s e r i e s .  

b. 300-hr Screening T e s t  

This test was performed i n  the same mnner  a s  the f u l l -  
s ca l e  600-hr test except f o r  durat ion.  It w a s  t o  provide advance 
information f o r  mater ia l s  se lec t ior .  and to  ind ica t e  any bas ic  er-  
r o r  i n  the conception of the 6 W h r  test. 

The r e s u l t s  of the  300-hr test showed no a t t a c k  on any 
mater ia l s  exposed to  the fue l .  
found to  be compatible: 

The followiny ma te r i a l s  were a l l  

304 s t a i n l e s s  s t e e l  

321 s t a i n l e s s  steel 

347 s t a i n l e s s  steel 

17-7 s t a i n l e s s  steel 

Carpenter 20 Cb 

Hastelloy C 

6A4-4V ti tanium a l l o y  

1100-0 aluminum 

17-4 s t a i n l e s s  steel 2014-T6 aluminum 

A286 aged 2219-T8 aluminum 
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Figure IV-3 shows the f u e l  specimens a f t e r  the  300-hr 
exposure. 
a c l e a r  l i g h t  straw color ,  unchanged from i t s  o r i g i n a l  condi t ion.  
Each specimen was i s o l a t e d  from the  o ther  by the  stopper shown in 
each test tube. 

The specimens were unaffected and the  propel lan t  was 

Alloys found compatible with N20, were: 

1100-0 aluminum 

2014-T6 aluminum 

2219-T8 a l ~ m i n ~ m  

6061-T6 aluminum 

Comnercially pure t i tanium 

6Al-4V t i tanium 

Hastelloy C 

Alloys found t o  be incompatible with N204 were: 

304 s t a i n l e s s  steel 

321 s t a i n l e s s  steel 

Nickel 

m a 6  

347 s t a i n l e s s  steel Carpenter 20 Cb 
17-4 s t a i n l e s s  steel 

17-7 s t a i n l e s s  steel 

Maraging steel 

Lead 

The formation of adducts of i ron  was found i n  a l l  in- 
s tances  of exposure of ferrous-based a l l o y s  t o  the oxidizer .  The 
fe r rous  ma te r i a l s  were incompatible because of t he  formation of 
a mater ia l  i n  the  oxidizer  t h a t  would be detr imental  t o  the  sys- 
t e m  operat ion.  The adduct i s  i d e n t i f i e d  because it: 

1) 

2) 

3) 

4) Has the apparent v i scos i ty  of cold molasses with a 

5 )  

P r e c i p i t a t e s  from the  l i qu id  propel lant ;  

Does not  t r ans fe r  i n  the  vapor phase; 

Has a la rge  volume when w e t ,  but  shr inks t o  less than 
10% of o r i g i n a l  volume when dry; 

high adhesive s t rength ;  

Is amorphous when d r i ed  of oxidizer .  

The maraging steel was the only ferrous allow which demonstrated 
s t r u c t u r a l  f a i l u r e .  It was prestressed to  75'1. of y i e ld .  The 
specimen f rac tured  i n  both the t e s t ed  s t r e s sed  a rea  and i n  a reas  
around t h e  r i v e t .  SigrAficantly,  t h i s  a l loy  contained the l e a s t  
amount of corrosion r e s i s t a n t  metals,  was the  h ighes t  s t rength  
a l loy  tes ted ,  and formed the g r e a t e s t  amount of adduct (Fiz .  IV-8). 
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Figures IV-9, IV-10, I V - 1 1  show the specimens a f t e r  ex- 
posure t o  N204 f o r  300 h r  a t  275'F. The small amounts of propel- 
l a n t  remaining are due to  d i s t i l l a t i o n  t h a t  occurred during rapid 
cooling of the bomb from 275OF t o  40'F. Unaffected b r igh t  speci- 
mens are aluminum a l loys .  
a s imi l a r  appearance, but the test  tube was broken during removal 
from the tes t  bomb. Rivet s t a i n i n g  may be seen i n  seve ra l  speci-  
mens. 
I ron  adduct formation i s  most c l e a r l y  seen on the bimetal speci- 
men i n  Fig.  I V - 1 1  (aluminum i n t e r i o r  specimen acd 321 s t a i n l e s s  
outer  specimen). Note f r ac tu red  maraging .el specimen a t  ex- 
treme r i g h t .  

The t i taniui. ,  specimen (not shown) had 

Ferrous-based a l l o y s  show a blackened e f f e c t  ( i r o n  adduct). 

Figure IV-12 shows the 304 s t a i n l e s s  steel  specimen rack 
a f t e r  300 h r  i n  N204 a t  275OF. 
f o r e  exposure. 
s t a i n l e s s  steel r a t h e r  than aluminum a l l o y  a s  spec i f i ed  i n  the 
test  plan t o  provide uniformity of test  bomb ma te r i a l s .  

The rack was clean and b r i g h t  be- 
The rack was made from Deposits are i r o n  adduct. 

C.  600-hr Screening Test 

1) Metals Tested i n  Propel lants  

The ma te r i a l s  t e s t ed  i n  con tac t  with propel lants  were 
no t  t e s t ed  i n  the dry hea t  sicce a l l  the ma te r i a l s  are known t o  
be capable of withstanding 275OF. Maraging steel  was no t  t e s t ed  
i n  MMH because of t he  r i s k  of oxidation t h a t  would r e a c t  with MMH. 
A l l  o the r  ma te r i a l s  Ciscussed belsw were t e s t ed  i n  MMH and none 
were at tacked by the f u e l .  
i s  presented i n  the following paragraphs. 

The r e a c t i o n  of each ma te r i a l  to  N20, 

Titanium 6Aj-4V - There was no a t t a c k  on t h i s  ma te r i a l  
a s  shown i n  Fig. I V - 1 3 .  Figure IV-14 shows :-he conditicin of etched 
t i tanium f o i l  before and a f t e r  exposure ind ica t ing  no a t t ack .  

Aluminum - Alloy designations l l O G - 0 ,  ~014-T6, 2219-T87, 
and 6061-T6 were exposed t o  N204. 
propel lant  r e s u l t i n g  (usua l ly )  i n  in t e rg ranu la r  corrosion o r  i n  
p i t t i n g .  I n  a l l  instances ,  a r e s i d u a l  corrosion proauct was formed. 
This product var ied from a white, granular deposi t  t o  a thick,  vis-  
cous, semifluid.  The products were amorphous. These r e s u l t s  were 
not evident a t  300 hr .  Preliminary designs had to  be reviewed t o  
remove the aluminan usage except f o r  l imited appl icat ion.  Figure 
IV-15 shows the a t t a c k  sustained by 606LT6 t h a t  was typ ica l  of  
a l l  the aluminum a l l o y s  tes ted.  Figure IV-16 shows the condition 
of aluminum screens,  i nd ica t ing  corrosion and p i t t i n g .  

A l l  a l l o y s  were at tacked by the 
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S t a i n l e s s  S t e e l s  - Alloys of 304, 321, 347, ,17-4pH, 
17-7~11,  and A-286 were exposed t o  NzOI. 
by the propel lant ,  r e s u l t i n g  i n  in t e rg ranu la r  ro r ros ion  and p i t -  
t i ng .  I n  all instances  a r e s idua l  corrosion product was formed. 
The product was extremely viscous,  amorphous on drying, and ac- 
ce l e ra t ed  corrosion of d i s s i m i l a r  metals,  except titanium. Spec- 
trographic ana lys i s  of a typ ica l  corrosion product indicated t h a t  
elements preeent were the same as those contained i n  the a l loy .  
Figure I V - 1 7  shows the a t t a c k  on the 347 a l l o y  which was repre- 
s en ta t ive  of t h i s  group of a l l o y s ,  

A l l  a l l o y s  were at tacked 

Maraging S t e e l  - This material was severely at tacked.  
A l l  specimens showed evidence of p i t t i n g ,  i n t e rg ranu la r  corrosion, 
and stress corrosion. Maraging steel specimens were the only spec- 
imens t e s t ed  t h a t  f r a c t u r e d ,  Figure I V - 1 8  shows the  severe a t t a c k ,  

Carpenter 20 Cb and Hastelloy C - Both of t h e s e  mate- 
Figure IV-19 show photo- r i a l s  were attacked t o  a minor degree. 

micrograph of t h e  specimens. 

Bimetal’= - Specimens of b ime ta l l i c  beans were test- 
ed t o  determine t h e  cathodic e f f e c t  i f  any. Aluminum was t e s t e d  
a s  combined specimens with e i t h e r  321 steel  and t i tanium 6AE-4V. 
The r e s u l t s  i n d i c a t e  no de le t e r ious  e f f e c t  of t h e  b ime ta l l i c  spec- 
imens. The r e s u l t s  of t h e  b ime ta l l i c s  were t h e  same a s  t h e  ind i -  
vidual specimens. Figure IV-20 shows t h e  r e s u l t s  of t h e  bimetal- 
l i c  test from a titanium-6061 aluminum specimen. The viscous ad- 
duct r e su l t ed  f r o 6  a t t a c k  on the  monel r i v e t .  

- Nickel - Nickel screen meter ia l  was exposed t o  NB4 
and was severely attacked wi th  a r e s u l t a n t  heavy deposi t  of nickel  
n i t r a t e  (Fig. IV-21). 

LonR4erm Storage Tests - The long-term tests described 
previously completed t h e  s t e r i l i z a t i o n  exposure t o  propel lants  on 
June 6, 1967. Ambient s torage began 3une 6 ,  1967 without clean- 
ing the  propel lants .  
a t  4-mo~th i n t e r v a l s .  Af t e r  12 months t h e  f u e l  tank showed no 
degradation of t h e  mater ia ls  o r  p rope l l an t ,  

Fuel and oxidiaer  tank specimens were opened 
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1 
Tensile Shear Adhesion 

(avg psia) 

Control 300 hr 630 hr Mode of Failure 

160 130 227 80% adhesive; 20% cohesive 
ZOO0 2280 2440 85% adhesive; 15% cohesive 
780 3090 2376 10% adhesive; 90% cohesive 
530 2360 3910 2% adhesive; 98% cohesive 

xv-35 

2.  Materials Tested in Dry Heat 

All the materials in the following discussion were exposed 
to 275'F for 600 hr in a gaseous nitrogen atmosphere. 
IV-7 presents the results of the Lesting performed on adhesives. 
A significant increase in shear strength is shown for each ad- 
hesive afterBxposure to 275OF. 
linking of molecules, which is attendant wi.th postcures for these 
types of materials. Along with the increase in shear strength, a 
decrease in flexibility occurs that causes the adhesive to become 
brittle and lose its ability to resist failure under vibrational 
loading. 

Table 

This is a result of further cross 

Table IV-7 Properties of edhesives after Exposure to 2?5OF 

Material 
Dow-Corning 93- 046 
HySOl 1-C EPOXY 
Armstrong 4-6 Epoxy 
Devcon F Epoxy 

Table IV-8 presents the results of the testing performed on 
plastics and rubber film. The aluminized Mylar, S-9711 rubber, 
EPR-1 rubber, and SR634 butyl rubber, were degraded by the heat 
exposure. T?-ie major effect appears to be an increase in hardness 
and hence, reduction of elongation. 

Table iV-9 presents the results of testing of potting compounds 
and sealing resins. Only PR-1527 compound of polymethane degraded 
t o  an unacceptable level. This is evident by the reduction in hard- 
ness. 

Table IV-10 presents the results of testing on coatings and 
finishes. 

3. Special Tests 

During the course of the program several unplanned special 
tests were performed to answer specific questions of materials 
compatibility. 
the compatibility of various materials in the ethylene oxide (ETO) 
atmosphere. The tests and results are described in the following 
paragraphs. 

The majority of these tests were concerned with 
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Table IV-10 Testing of Coatings and Finrshes after 600 hr 
Exposure at 275'F 

Ma t er ia 1 

White Acrylic Lacquer 
MMS K227 

Ablative Coating 
Mhfs K k ~ 6  

High Emissivity Silicone 
Coating MMS K.474 

Remarks 

Embrittled, adhesion fair. Flakes away 
with checkerboard cut. Loses adhesion 
in the bend area after 180-deg bend 
around a 1/4-in. mandrel. Specimen 
yellowed significantly. 
Excellent adhesion. Tougher and darker 
than control specimens. Failed 90-deg 
bend over l-in. mandrels. 

Good adhesion. Coating somewhat stroneer 
than control sample. No flaking. The 
coating yellowed somewhat. Absorption 
increased from 0.14 to 0.16. Emissivity 
decreased from 0.86 to 0.85. 
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a .  p e r c w  of P m  w i n  

The purpose of t h i e  test  was to determine i f  propel lents  
leaking from a preeeurired container  would r e a c t  with the E M  
mixture. The ET0 mixture was 12% ethylene oxide(88X Freon 1.2 
maintained *t 600 mg of ETO per l i t e r  of atmosphere and a t  122'F 
with 507. r e l a t i v e  humidity as defined by JPL Spec i f i ca t ion  VOL 
50503-ETS 

Edonawrthylhydrazine war i n j e c t e d  into the  chamber i n  a 
s u f f i c i e n t  quant i ty  to produce a concentration of 5 x l P  ppm. ' A  
6-psi pressure r i s e  r e su l t ed  with a temperature increase of less 
than 5'F. 

Nitrogen t e t rox ide  was in j ec t ed  i n t o  a s i m i l a r  atmosphere 
a t  a concentration of 5x10s pprn r e s u l t i n g  i n  a 26-psi pressure 
r ise and a temperature increase o f  22'F. This l e v e l  of r e a c t i o n  
would have been uuf f i c i e n t  t o  rup tu re  the s t e r i l i e a t i o n  chamber , 
Vapor de t ec to r s  and automatic purge systems were added t o  the  
design of the chamber to p ro tec t  the chamber. 

b. Capabi l i ty  of Japor Detectors t o  Operate i n  an ET0 Atrnos- 
phe re  

Fixed vapor de t ec to r s  manufactured by Teledyne Systems, 
Inc. 
tect ni t rogen t e t rox ide  o r  Aerozine-50 were exposed t o  ETO. 
ETO was i n  a mixture of 12% ETO and 88% Freon 12. The concentra- 
tic3 of ETO was 325 mg per liter of atmosphere. Ambient tempera- 
t u r e  was used and no humidity conti-cii was provided. 

PIN AS1 110621, Model 40794, with 3 l u t i o n  formulated t o  de- 
The 

The f u e l  de t ec to r  responded with spurious s i g n a l s  and the 
s igna l  i eve l s  increased with t i m e .  When exposed t o  a c a l i b r a t e d  
f u e l  vapor, the de t ec to r  responded t o  the st imulus.  However, the 
de t ec to r  could c o t  be depended on Cor continuous unattended use.  

The oxidizer  vapor de t ec to r  perfonniKTzrlazlly and was 
s a t i s f a c t o r y  for use.  Later experience f.r ttta can t ro l l ed  ETO 
atnosphere of 600 mg per l i t e r  e t  122.F and 50% r e l a t i ; ,  humidity 
f o r  180 tir has shown the d e t e c k r  t o  perform normally. 

1 

c .  ComDatibiZicv cf  COD^?^ with ET0 

Two cwpF tube f i t t i n g s  were exposed t9 t he  ETO envfron- 

Cnly auper- 
ment a s  spec i f i ed  by VOL 50503-ETS f o r  TA approval of piece p a r t s ,  
The r e s u l t s  of ^thi: test  a r e  indicated i n  Fig.  IV-24. 
f i c i a l  s t a i n i n g  wao found on the t e e t  epecixen, 
eidered compatible on the bssie of t h i o  teet. 

Copper is con- 
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e. Compatibility of Grease with ETO 

A general purpose high temperature grease was tested for 
The grease was Martin Marietta Specifi- compatibility with ETO. 

cation W-N312, which I s  a synthetic base lubricant containing 
10% tungsten disulfide suitable for -65 to +40OoF application. 
There was no breakdown of the grease when tested for 26 hr in 
ET0 according to specification VOL 50503-ETS. 
ifi the sterilization chamber for a blower bearing lubricant 
showed completely satisfactory performance. 

Subsequent usage 

f. Freon/Titanium Compatibility Test 

Data developed by other investigators, namely NASA-MSC, 
Boeing, duPont, and Aerospace Corporation, have shown that titani- 
um 6A4-4V alloy was not compatible with Freon MF, but that it was 
compatible with Freon TF/Oxyfume 12 materiel. The decontamination 
agent in sterilization exposure contains Freon 12, which is equiva- 
lent to a DF or "difluoro" designation between MF-"monofluoro" and 
TT-"trifluoro" formulations. Therefore, it was decided to perform 
tests to ascertain the compatibility of the materials. 

The problem involved the availability of chlorine in the 
Freon 12 and its effect on titanium. Specifically, it was de- 
sired to know if the decontamination atmosphere would initiate 
stress cracking or whether an existing structural flaw would 
propagate. Four specimens were tested. Each was a Langley sample 
stressed to 125,000 psi. Two specimens were notched in the area 
of maximum stress and two were not. The test was run for 168 hr 
under the following conditions: 

1) The decontamination mixture was 12% ethylene oxide 
and 88% Freon 12 at a concentraticn of 600 mg per 
liter of chamber volume; 
Relative humidity was maintained at 45 2 10%; 
The tempcrature was 122 2 1°F a t  all times. 
contaminatim gas was preheated to 122OF before intro- 
duction into the test chamber. 

2) 

3)  The de- 

The photomicrographs of the specimens shown in Fig. IV-26 show 
no detrimental effects resulting from the tests. 
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g. Ardeform 301 Stainless Steel Compatibility with N,04 

A specimen of 301 stainless steel formed by the Ardeform 
process and supplied by Arde Incorporated, was exposed to N204 
at 275'F for 600 hr. 
than any other 300 series steel alloy. Although the amount of 
viscous adduct was substantially less, the material was not con- 
sidered suiteble for propulsion system construction wherl sterili- 
zation is a requirement, 

Tine degree of attack was substantially less 

h. Compatibility of Fluorosint with N,04 

A sample of fluorosint valve seat-material, supplied by 
JPL, was exposed to N,O, at 275OF for 600 hr. 
or dimensions W ~ S  noted. 

No change in weight 

i. Passivation of Ekmomethylhydraeine Systems 

Considerable interest was shown in whether or not.I¶KH 
would violently decompose when heated to 275OF. During the mate- 
rials testing program decomposition of MMH was often evidenced by 
extreme discoloration and elevated pressures in the test vessels. 
It soon became apparent that the decomposition of MMH at 275OF was 
associated with system cleanliness. When any alloy tested was ex- 
posed to heated MMH without proper cleaning, decomposition was ob- 
served. 

A program to develop and verify cleaning and passivation 
procedures was initiated. The chemical cleaning consisted of 
hydrochloric acid baths. 
acid fortified with 17% hydrofluoric acid in extreme cases. 
passivation procedure consisted of exposing the materials to a 
25% MMH solution in water at 275OF far 76 hr. 

T b l s  was followed by a solution of nitric 
The 

The procedure was verified by testing a.bimetallic speci- 
men of 2014 aluminum and 304 stainless steel joined with monel 
rivets. This combination of materials was selected because these 
materials were considered the most potentially reactive, based on 
previous test experience of nonpassivated specimens. The speci- 
men was cleaned and passivated according to the above procedures. 
The metal specimen was imnersed in a vial of MMH and exposed to 
275°F for 600 hr. A control vial of MiiM containing no specimen 
was a l s o  exposed. 
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The propel lan t  decomposition i s  l i s t e d  i n  the following 
tabula t ion  as  obtained by gas chromatography techniquer. 

MMH with Bimetallic 
Standard MMH Control Sample Specimen 

MMH 99.49% 98.06% 97.61% 
Water G .46 1.48 1.94 
Hydrazine 0.00 0.22 0.20 

Ammonia 0.04 0.23 0.24 

A i r  0.01 O.G1 U.01 

These r e s u l t s  i nd ica t e  very l i t t l e  d i f f e rence  between t h e  con t ro l  
and tes t  specimen. From these r e s u l t s  i t  was concluded the  clean- 
i n g  pass iva t ion  procedures was ve r i f i ed .  

j .  Determination of t h e  Vapor Pressure of MMH a t  Elevated 
Temperatures 

A t e s t  was conducted t o  v e r i f y  the  vapor pressure and 
s t a b i l i t y  c h a r a c t e r i s t i c s  o f  MMH f u e l  a t  the  temperature l e v e l s  
assoc ia ted  with the  decontamination and s t e r i l i z a t i o n  processes.  

The schematic of the  tes t  f i x t u r e  i s  shown i n  Fig.  IV-27. 
The g l a s s  t es t  ves se l  had a capaci ty  o f  185 m l ,  and contained an 
i n t e g r a l  thermometer \cell .  The g l a s s  o u t l e t  tube of t he  tes t  
ves se l  was connected t o  the  s t a i n l e s s  steel  f i x t u r e  piping by a 
Swagelok connector with a Teflon sea l .  
p rop r i a t e  hand valves  were provided i n  the system. 

A r e l i e f  valve and ap- 

The tes t  vesse l  was supported and completely mnersed i n  
an ethylene g lycol  bath.  
wal l  hea t e r s  and an a g i t a t o r  to  con t ro l  t he  hea t ing  of  the  bath.  

The bath contc iner  was equipped with 

A vacuum pump was provided to evacuate the  test vesse l  
and connecting piping before  f i l l i n g  with MMH. A 300-series 
s t a i n l e s s  s teel  Hoke b o t t l e  (300 m l  capaci ty)  was provided t o  
hold the  f u e l  sample f o r  in t roduct ion  i n t o  the  tes t  vessel. 

The instrumentat ion loca t ions  a r e  shown i n  the  schematic 
of  the t e s t  f i x t u r e  (Fig.  IV-27). Vapor pressure was measured 
with a s t r a i n  gage-type transducer and a potent iometr ic  voltmeter.  
Accuracy of t h i s  system was 0 .1  ps ia  f o r  pressures  up t o  50 ps i a  
and 3 . 5  ps ia  f o r  pressures  above 50 ps ia .  Temperature of t h e  MMH 
was determined wi th  a mercury-in-zlass thermometer having a range 
of O°F t o  300°F and an accuracy of 2°F. Bath temperature was read 
with a copper-constantan pyrometer having an accuracy of 3 " F  i n  
t he  range of i n t e r e s t .  
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Heater 1 -Glass Test Vessel 
(Mt4H Container) 

Fig .  IV-27 Monomethylhydrazine Vapor Pressure Test Fixture 
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The t e s t  system was thoroughly cleaned before  assembly, 

and proof-pressure t e s t ed  a f t e r  assembly, The system was then 
leak-checked a t  285'F with helium, using a mass spectrometer 
leak  de tec to r ,  

The 300 m l  .h,)ply b o t t l e  was f i l l e d  from the  s torage drum 

The test system up 
by GN, pressure t r a n s f e r  and then connected t o  the  tes t  f i x t u r e  
f i l l  po r t  with the  b o t t l e  s t o p  valves  closed. 
t o  the  b o t t l e  s t o p  valve was then evacuated t o  approximately 150-p 
Hg. The vacuum system was then i s o l a t e d  and the  s t o p  valves  on 
the supply b o t t l e  opened t o  admit approximately 120 m l  of MMH in-  
to  the  tes t  ves se l  (MMH l e v e l  about 2 i n .  above the  bottom of  the  
thermometer w e l l ) .  The f i l l  valve was then closed and the supply 
b o t t l e  was disconnected, 

The tes t  runs were made by hea t ing  the  bath t o  ob ta in  MMH 
temperatures o f  150°F, 200°F, 250°F, 27S°F, and 285'F. In some 
cases ,  the temperatures was f i r s t  brought t o  285OF and the set- 
poin ts  were run i n  descending order .  
hold period of  30 minutes a t  285°F a s  a s t a b i l i t y  tes t .  

One tes t  run  included a 

The r e s u l t s  of  the  tes t  a r e  shown i n  F ig .  IV-28. The 
experimental r e s u l t s  i nd ica t e  a vapor pressure  of  63 ps ia  a t  
275OF, which i s  11% higher  than the  previously published da ta .  

k. Compatibi l i ty  o f  Humidity Sensor with ET0 

The primary r e l a t i v e  humidity sensor  was an Alnor dew- 
poin ter .  Since the  Alnor i s  no t  a continuous device and provides 
no output  s igna l  f o r  recording and con t ro l ,  a secondary system 
was i n s t a l l e d .  The secondary system i s  an e l e c t r i c a l  hygrometer 
manufactured by Hygrodynamics Inc.  and c o n s i s t s  o f  a l i thu im 
chlor ide  ce l l ,  the  r e s i s t ance  of which responds t o  temperature 
and water vapor content ,  and an e l e c t r i c a l  con t ro l  box t h a t  pro- 
vides an output  t o  be used to  d r ive  a s t r i p  c h a r t  recorder .  

The ob jec t  of  t h i s  tes t  was to  determine whether o r  no t  
the device was a f f ec t ed  by the  presence of  ETO. 
ducted a t  122°F i n  a 100% s t e r i l a n t  gas mixture with humidi t ies  
ranging from 30 to  70%. 

Test ing was con- 

The r e s u l t s  of these  tests ind ica ted  the  sensor  was a f -  
fec ted  by the  presence of ET0 but  the e f f e c t  was not  commulative 
and i t  was repeatable .  
a f f ec t ed  because the  r e s i s t ance  of  the sensor changed from ap- 
proximately 2 megohms t o  approximately 20,000 ohms. For t h i s  
reason a broadband sensor gave meaningless information. With 
narrowband sensor,  40 t o  60% r e l a t i v e  humidity was successfu l ly  
cor re la ted  with the  Alnor dewpointer and was incorporated i n t o  
the cont ro l  system. 

The sensit ivit ;7 of the device was g r e a t l y  

I V - 4  7 

There was evidence the e l e c t r i c a l  sensor was a f f ec t ed  by 
ET0 concentrat ion,  however, t h i s  was not  pursued s ince  the chamber 
was operated a t  a constant  concentrat ion of  ETO. 
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Temperature ('P) 

Fig .  IV-28 Monomethylhydrazine Vapor Pressure 



MCR-68-119 

V ,  COMPONENT DEVELOPMENT AND TEST 

A, COMPONENT PROCUREMENT AND ACCEPTANCE 

To a s su re  compliance with the s p e c i f i c a t i o n s  set  f o r t h  under 
Component Selec t l on ,  Chapter III,D, each of the  component accept- 
ance tests was witnessed by a Martin Marietta engineer or repre- 
sen ta t ive .  During these tes ts  It became apparent t h a t  f u r t h e r  
development was necessary on some components t o  achieve the re- 
quired objec t ives .  These problems were at tacked as soon as they 
were defined and changes were made t o  produce an acceptable com- 
ponent. The component procurement acceptance tes ts  and problem 
areas are discussed i n  t h i s  s ec t ion .  

1. Propel lant  Tanks 

a.  Oxidizer Tank with Diaphragm 

The diaphragms f o r  t he  oxidizer  tanks were manufactured 
and t e s t e d  L C  the Dilectrix Company. 
ceptance tes t  cnd were then shippea t o  Pressure Systems, Inc,  f o r  
assembly i n t o  the  oxidizer  tanks. 

A l l  u n i t s  passed the ac- 

The f i r s t  oxidizer  tank was t e s t e d  f o r  acceptance a t  the  
Wyle Laboratories on J u l y  1 7 ,  1967. Following v i s u a l  examination 
and recording the outs ide diameter i n  three diametral  planes, the  
u n i t  was subjected t o  a gaseous proof pressure of 2050 p s i g  f o r  
th ree  minutes. The u n i t  was then vented t o  room ambient pressure 
and allowed t o  s t a b l i z e  t o  room temperature. A recheck of the 
three  recorded diameters showed no change. I n t e r n a l  leakage 
through the Teflon bladder was then checked with gaseous helium 
a t  1.0 psig. A f t e r  s t a b i l i z a t i o n ,  the leakage was constant  a t  
0.56 cc/min or 33.6 c c / h r .  The acceptance l eve l  f o r  the bladder 
alone i s  zero  bubbles of gaseous ni t rogen i n  5 minutes. Since 
the bladders had a l l  passed t h i s  preliminary t e s t ,  i t  was assumed 
t h a t  the  indicated leakage was a r e s u l t  of the  assembly of the 
tank hemispheres and Teflon bladder.  This could be accounted 
fo r  a s  increased d i f fus ion  ra te  through the bladder because of 
the use of helium instead of ni t rogen and/or a leak  a t  the r i m  
s e a l .  Because the leak was not enough t o  cause any g r e a t  d i s -  
crepancy during expulsion, t h i s  discrepancey was accepted and 
a change i n  the r i m  seal  design on the next  u n i t  was planned. 
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The f i n a l  t e s t  was the ex te rna l  leakage check using helium gas 
a t  2045 ps ig  over a period of three minutes. No leakage was de- 
tected with a mass spectrometer. The u n i t  was accepted for  com- 
ponent test. This was the f i r s t  a t t e m p t  by the tank manufacturer 
t o  i n s t a l l  a hemispherical Teflon laminate bladder i n  a propel- 
l a n t  tank. H i s  previous experience h i s t o r y  involved only e las t ic  
rubber bladders t h a t  do not cold flow or  creep under r e l a t i v e l y  
low loads.  

Sealing of a rubber diaphragm involves clamping of the rub- 
ber  l i p  a t  the tank g i r t h  i n  a c a v i t y  made up of f l a t  machined su r -  
faces ,  Due t o  the e l a s t i c i t y  of the rubber, enough squeez ;an 
be b u i l t  in  t o  provide a good seal. In the case of Teflon the 
preload r e s u l t i n g  from squeeze i s  soon r e l i eved  by cold flow of 
the mater ia l  and must ,  i n  some manner, be r e s t r i c t e d  t o  maintain 
a seal, R e s t r i c t i o n  may be accomplished by minimizing the flow 
area.  A j o i n t  design shown i n  Fig.  V - 1  was used f o r  the f i r s t  
tank. The s e r r a t i o n s  ,>enetrate the Teflon and a c t  a s  mul t ip l e  
s e r i e s  o r i f i c e s  t o  l i m i t  the Teflon flow. 
properly, i t  must be preloaded adequately t o  allow proper penetra- 
t i on  of the se r r a t ions .  In the f i r s t  tank, s eve ra l  condi t ions 
were present t h a t  were not  conducivc t o  making a proper s ea l :  
(1) the diaphragm l i p  s e a l  a r ea  was rough and i r r e g u l a r ;  (2) tank 
hemisphere preload was not measured and was probably too low t o  
cause proper penetrat ion;  and (3) the height  of the s e r r a t i o n s  
was not s u f f i c i e n t  t o  bridge across  measured i r r e g u l a r i t i e s  i n  
l i p  seal thickness.  It was decided t h a t  a revised s e a l  design, 
Fig. V-2 would be used f o r  the module tank. 

For t h i s  j o i n t  t o  work 

Since the surface between the gas s i d e  hemisphere and the 
diaphragm l i p  i s  the primary s e a l  area across  the diaphragm, only 
t h i s  a r e a  was modified. 
t o  provide seve ra l  advantages over the previous configurat ion of 
Fig. V - 1 .  With a hemisphere loading of 50 lb  per l i n e a r  inch of 
seal, the two l a rge  s e r r a t i o n s  w i l l  f u l l y  penetrate  the Teflon 
skin of the s e a l  surface.  The displaced Teflon w i l l  f i l l  the 
c a v i t y  between the se r r a t ions .  With the two l a rge r  s e r r a t i o n s  
f u l l y  penetrated,  the two s h o r t e r  s e r r a t i o n s  w i l l  penetrate  ap -  
proximately half  way through the Teflon. 
g r i p  i n  the Teflon i f  the l a rge r  s e r r a t i o n s  have separated tt.2 
s e a l  completely. Therefore, a f u l l y  trapped Teflon s e a l  i s  pro- 
vided (between the large s e r r a t i o n s )  with gr ipping ac t ion  by the 
smaller s e r r a t i o n s  t o  assure  diaphragm r e t e n t i o n ,  

This s e r r a t i o n  configurat ion was designed 

This w i l l  provide a 
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For thio asrembly 53 l b / in .  of real preload war ured. It  
was a r+quirement that the prelcad be meae.red by a torque Cali-  
bra t ion  of the threaded rods used t o  load t.:e hemispheres during 
welding. 

A8 one add i t iona l  r t e p  t o  enrure  a l eak t igh t  rystam, the 
d iaphram real area war hand wotked t o  provide a b e t t e r  finlrh and 
t i g h t e r  tolerance on the seal thickness.  The Lnitcal  seal thick-  
ness was OX170 t o  0.1238 in .  
thickness was 0.1170 t o  0.1190 in.  

Af te r  rework by hand sanding, the 

Following the above changes, the module u n i t  was assembled 
and submiLted for  acceptance test. A diaphragm leak check was 
performed using 1 ps ig  helium gas on the tank l i qu id  s ide .  
tube was connected t o  the gas s i d e  po r t  and submerged i n  water 
t o  c o l l e c t  leakage gas. No leak was noted over a 5-minute period. 
A t  the  completion of t h i s  check the tank was vented and then pres-  
sur ized  a t  both por t s  t o  2060 ps ig  f o r  s h e l l  proof pressure.  
vent ing t o  ambient another diaphragn leak check was performed 
with an ind ica ted  leakage of 9 scc/minute of helium. 
w a s  held a t  1 psig fo r  a considerable  time with no reduct ion i n  
leak r a t e .  Pressure w a s  increased on the l i qu id  s i d e  po r t  i n  
100 p s i  incremenLs t o  700 psig. The leak rate w a s  considerably 
higher a t  the higher pressure leve l .  The tank pressure was then 
reduced t o  1 psig. A t  about 15 ps i& la rge  quan t i ty  of gas was 
suddenly expelled,  ind icar ing  a gas bubble had ex i s t ed  on the gas 
s i d e  of the  diaphragm. A t  t h i s  time, leakage began t o  decrease 
and a f t e r  one hour the  rate w a s  a t  3.8 cc/minute wi th  1 ps ig  on 
the tank l i qu id  port .  

A 

On 

The tank 

After  consider ing var ious courses  of ac t ion ,  incl- i  l ing  cu t -  
t i n g  the tank open with possible  loss of hemispheres or d ia -  
2hragm, i t  w a s  decided t h a t  the tank would be accepted wi th  the 
indicated leakage. Enough f i r i n g  margin e x i s t s  t o  allow for  a 
3.8 cc/minute oxidizer  leakage over the 5-minute f i r i n g  t i m e .  
In  addi t ion,  i t  is no t  an t i c ipa t ed  t h a t  t h i s  leakage rate can 
occur during f i r i n g  s ince  a aP of much l e s s  than 1 p s i  i s  suf -  
f i c i e n t  t o  move the diaphragm during expulsion. 

A f i n a l  check of diametral  dimensions showed no change be- 
fo re  and a f t e r  the  ?roof pressure.  
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b. Fuel Tank and Screen Trap 

The screen t r ap  assembly design was rev ised  during the 
l a t t e r  s tage  of t r a p  fabr ica t ion .  Welding of the cone sec t ion  a t  
i t s  large diameter end t o  the  f l a t  shee t  port ion did r e s u l t  i n  a 
problem. The acute  angle  (approximately 23 deg) weld r e su l t ed  i n  
the formation of metal oxides within the angle.  Since the oxides 
generai ly  cause f u e l  decomposition, they must be removed before  
f u e l  exposure. The procedures a v s i l a b l e  fo r  removal inciuded such 
mechanical c leaning  as wire brushing and gr inding or pickl ing  us- 
ing  a mixture of n i t r i c  a c i d  and hydrogen f luor ide .  The weld area 
is inaccess ib le  t o  e f f e c t i v e  wire brush o r  gr ind cleaning.  I n  
addi t ion ,  p ick l ing  r e s u l t s  i n  chemical a t t a c k  of  the metal, which 
is i n s i g n i f i c a n t  on the shee t  s tock,  bu t  i s  qu i t e  s i g n i f i c a n t  on 
the wire screen. 

The p ick l ing  approach was used with care so t h a t  the solu-  
t ion  d id  not  contac t  the screen. 
dicated the c leaning  was adequate. 

Subsequent exposure t o  MMH i n -  

Welding of the cab on the  small diameter end of the cone 
r e su l t ed  i n  a similar problem with the weld sur face  cn the ins ide  
of the assembly. To allow mechanical c leaning  a l-in.-diameter 
hole was c u t  i n  the cen te r  of the cap and w a s  later covered with;  
a r ive t ed  patch. A s ing le  r i v e t  hole  w a s  l e f t  i n  the c e n t e r  of 
the patch f o r  f i n a l  bubble point  check (Fig. IV-3). 

The bubble points  obtained fo r  the complete assemblies 
were 2 and 2 . 5  i n .  of water,  respec t ive ly .  

The two u n i t s  were then shipped t o  Pressure Systems, Inc,  
for  assembly i n t o  the f u e l  tanks. 

The f i r s t  f u e l  tank, f o r  use i n  the component test ,  was 
tes ted  f o r  acceptance a t  the  Wyle Laborator ies  on J u l y  12, 1967. 
After  passing v i s u a l  examination, the outs ide  diameter was meas- 
ured i n  three  diametral  planes.  The u n i t  w a s  then subjected t o  
gaseous proof pressure of 2050 ps ig  f o r  3 minutes and then r e -  
turned t o  room pressure.  The outs ide  diameter was again checked 
a t  the same points  and showed no change within the l i m i t s  of the 
micrometer (0.001 in . ) .  The u n i t  was then subjected t o  the out- 
s ide  leak test. 
He, the maximum Indicated leakage was 1.0 x i:)-S scc/sec. The 
fnaxhum allowable is 1.0 X scc/sec. Theretore,  t h e  u n i t  
passed a l l  tests s a t i s f a c t o r i l y .  

After pressur iz ing  t o  950 Fsig fo r  3 minutes with 
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The second f u e l  tank, f o r  use on the module, passed a i l  
acceptance tests. 
i n  the leakage rate, which was 5.8 x LO-* scc/scc He. 
s t i l l  below the  allowable rate a..d Zhherefore acceptable .  

The only d i f f e rence  f r a n  the f i r s t  unit was 
This 1s 

2. Gas Pressurant  Tank 

The gas pressurant  tank was purchased as an ozf-the-shelf  
i t e m .  It had been proof and leak t e s t ed  by the  tendby. 
Eddi t ioa t 
by Marti,. - ‘ietta Corporation. The weidod j o i n t s  were X-rayed 
and showed no excaostve porosi ty ,  therefore ,  t he  u n i t  was accepted 
for inclusion i n  the module. 

The only 
\is tank ut.: the weldin& of s p e c i a l  r i t t i n g s  furnished 

3 . Gas Pressure  Remalator 

The f i r s t  of two regula tors  was passed through the  acceptance 
test on J u l y  10, 1967, and the second on J u l y  13, 1967. Resul t s  
of the  tests a r e  tabulated below. 

Examination of Product 

Proof Pressure 

I n l e t  Pressure (psig) 

Outlet Pressure (psig) 

Time Applied (min) 

I n t e r n a l  Leakage 

I n l e t  Pressure (psig) 

Leakage (10 .O max) 

External Leakage 

I n l e t  Pressure (psig) 

Leakage (0.1 max) 

Time Applied (min) 

Overshoot Pressure 

I n l e t  Pressure (psig) 

Lockup Pressure (psig) 
(278 max) 

Sift I 

Accepted 

2400 

380 

2.0 

1600 

4.2 scc /hr  (GIQ 

1600 

0.04 scc /hr  (a,) 

15 

1600 

264 

SIN 2 

Accepted 

2400 
380 
2.0 

1600 

0.02 scc /hr  

15 

(GN,) 

1600 

259.0 
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RanulrtFon 
i n l e t  Prcrrure (piig) 1600 1600 
Final  Prerrurc (P i is )  350 350 
Flow Rate (lblrec) 0.019 0.015 

Outlet Prcrcure (prig) Max 240 
(248 f 9) Min 249 

M U D  P t e r r u  

I n l e t  Pressure (piig) 1600 

M8x 240 
Mtn 264 

1600 
Flaw Rate (lblsec) 0.015 0.019 

Lockup Pressure (270 mox) 264 psig 261 psig 

Both uni t s  passed sa t i s f ac to r i ly  and were accepted. 

Later in the program, when the S/N 2 unit was assembled into 
the module, a functional t e s t  disclosed tha t  the in te rna l  leak- 
age was excessive and the regulation pressure had sh i f ted  d o n -  
ward. 
allowable value of 10 scclhr.  The regulation pressure w a s  241 
t o  245 p i g  compared to  the allowable 248 k 5 psig. 
w a s  returned to  the supplier for  repair and adjustment so t ha t  
the s t e r i l i z a t i o n  exposure would be i n i t i a t e d  with the regula- 
t ion baad i n  the required l imits.  

The leakage value MS 68 scc/hr of GN, compared to  the 

The regulator 

The supplier 's  investigation revealed a scratch mark i n  the 
regulator valve seat, presumably the r e su l t  of passage of a 
foreign par t ic le .  
ulat ion spring w a s  heat treated a t  325'F for  24 hr  a t  its work- 
ing stress levea t o  obviate the set-point degradation that had 
been exhibited by the component test regulator. On rece ip t  of 
the repaired regulator, i t  w a s  found tha t  the i n l e t  tube bad 
been indexed incorrectly;  therefore, the i n l e t  flange and tube 
assembly was removed i n  the Class 100 clean roam and re ins ta l led  
i n  the cor rec t  position. 
conducted a t  the supplier 's  f ac i l i t y ,  is l i s t e d  i n  the following 
tabulation. 

The regulator seat was repaired, and the reg- 

The r e su l t s  of the acceptance test, 
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Exunina t i on  of Product 

Proof Pressure 

I n l e t  Pressure (psig) 

Outlet Pressure  (psig) 

T h e  Applied (min) 

Internal Leakane 

I n l e t  Pressure (psig) 

Leakage (10.0 max) 

Externa 1 Leakanq 

Inlet Pressure  (psig) 

Leakage (0.1 max) 

Time Applied (min) 

Overshoot Pressure  

I n l e t  Pressure (psig) 

Lockup Pressure (psig) 
(278 max) 

Renulation 

I n i t i a l  Pressure (psig) 

F i n a l  Pressure (psig) 

Flow Rate ( lb / sec)  

Ou t l e t  Pressure (psig) 
(248 2 5 )  

Lockup Pressure 

I n l e t  Pressure  (psig) 

Flow Rate ( lb / sec)  

Lockup Pressure (psig) 
(270 Hax) 

SIN 2 ( a f t e r  rework) 

Accepted 

2400 

380 

2.0 

1600 

3.0 scc /hr  

1600 

0 scc /hr  (GNz) 
15 

1600 

26 9 

1600 

350 
0.015 

Max 251, Min 244 

1500 

0.015 

26 4 

in the module , the  pref i r i n g  func t iona l  
t e s t s  confirmed that a l l  parameters 

Following i n s  t a l l a t i o n  
t e s t s  were conducted. The 
were wi th in  spec i f i ca t ion  excspt the i n t e r n a l  leakage. 
measured a t  14.5 scc/hr  compared t o  the allowable 10 scc/hr .  Be- 
cause time d id  not  permit another r e t u r n  t o  the suppl ie r ,  and the 
excessive leakage was not  i n  a range that would be harmful during 
the f i r i n g  s tage ,  i t  was deckded t o  accept  t he  u n i t  f o r  t e s t .  

This was 
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& S o l w i d  Valv t  

v- 11 

The rolenoid v,ivrr were t ea t ed  8t the vendor'r f 8 c i l i t y  and 
were rccrp ted .  Re ru l t r  of t h e  trrtr are l i r t r d  below. 

sI#1 
of P r o w  Accepted 

oof PrarWl;p 

I n l a t / h t l e t  Preaeure (psig) 3750 
Tiam Applied (min) 1 

m 
Accepted 

3750 
1 

Dieleetrig 

Voltage Applied (500 f 50 vir.) 

Application time (min/ap- 
p l i c a t i o n )  1 1 

Arcing or Flashover 
P in  A t o  Body None None 
Pin B to  C None None 

Pin A to  Body No No 
Pin B to  C No No 

F a u l t  Ind ica to r  Light  

Insu la t ion  Resis tance 

Applied Voltage (500 f 50 vdc) 

P in  A t o  C Resis tance (50 
megohms min) 500+ 

Coi l  Res i s t ancs  

Resistance Pin  A t o  B (20 
ohms s i n )  22 

MO+ 

22 

Performance T e s t  

Flow T e s t  

I n l e t  Pressure Drop while 
Flowin9 (1550 ps ig  and 12.5 

Prcssure  Drop (50 p s i  min) 

I n t e r n a l  Leakage (Deenergieed) 

S C ~ ,  GEl,) 

27 

I n l e t  Pwssure  (psig) 1550 

S t a b i l i z a t i o n  Period (min) 5 
I n t e r n a l  Leakage (50 scc /hr  
He, 0.22 

27 

1550 

5 

0.52 
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S/N 1 

External Leak& (Energized) 

I n l e t  Pressure (psig) 2250 

Stab i l i za t ion  Period (min) 5 

scc/sec He, max) 0 
External  Leakage (1 x loo8 

Openinn and Closinn R e s D onse 

I n i t i a l  I n l e t  Pressure (psig) 1550 

Step Input  Signal (vdc) 25 

Opening Response (0.050 sec, 
max) 27 

Closing Response (0.050 sec, 
m a d  12 

Contamination Check 

Cleanl iness  Ver i f ied  per 
SPS 881 Accepted 

SIN 2 

2250 

5 

0 

1550 

25 

26 

13 

Accepted 

5 .  F i l t e r  

Acceptance t e s t i n g  of the  four f i l t e r  u n i t s  w a s  conducted a t  
Each u n i t  w a s  subjected t o  visual the Garwood Laborator ies  Inc.  

examination, proof pressure,  and an ex te rna l  leakage check, per 
LAB 6002513, and passed s a t i s f a c t o r i l y .  

The u n i t s  were then subjected t o  the  bubble point  check while 
submersed i n  a lcohol  and ind ica ted  22, 23.25, 24.0, and 24.2 in .  
of H20 pressure,  respec t ive ly .  
of H20 pressure,  therefore ,  a l l  u n i t s  passed s a t i s f a c t o r i l y .  

The minimum acceptable  is 15.9 i n .  

6 .  Hand Shutoff Valve 

The f i r s t  of nine hand valves was passed through the  acceptance 
test on June 8, 1967. 
t ion. 

Resul t s  are shown i n  the following tabula-  
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m i o n  of Pro d u  

Proof Preesur e 

Prerrure  (psig) 

Time (min) 
Ex terna 1 Leakane 

I n l e t  Pressure (psir;) 

Leakage (1 x 

- 1-1 t e rna l  Leakane 
scc/sec He, max) 

I n l e t  Pressure (psig) 

Leakage (zero bubbles i n  5 minutes) 

The only parameter i n  question was 

a u  
Acceptad 

1500 
2 

1000 
2 x 10- 

1000 

Zero 

the external  leakage. 
Since there-was same doubt about  the heavy helium background 
being responsible fo r  t h i s  out of spec i f ica t ion  reading, the  u n i t  
was accepted. 

The f i n a l  e ight  un i t s  were inspected and a l l  met the spec i f i -  
cat ions l i s t e d  above. 

During the assembly of components on the chamber cover fo r  
the component t e s t  s e r i e s ,  d i f f i c u l t y  was experienced with the 
hand valve. The tank-,:de por t  i s  0.020-in. w a l l  aluminum tube 
welded i n t o  the valve body. 
t h i s  port. This process anneals the tube i n  the area of the weld 
and makes the un i t  q d t e  f rag i le .  In  two cases the j o i n t  was 
broken adjacent t o  the weld on the  valve body bide. 
would be induced i n t o  t h i s  j o i n t  i n  the module through thermal 
e f f ec t s  during s t e r i l i z a t i o n ,  i t  was decided that a l l  valves 
would be  modified in-house t o  improve the s t rength i n  this area. 
The tube port was machined out  of one of the valve bodies and a 
1/4-in. AN male f i t t i n g  was welded i n t o  the body. A shor t  t e s t  
s e r i e s  consis t ing of proof pressure, and in t e rna l  and external  
leaks was cmducted a t  Martin Marietta to prove t h i s  change. 
valve passed a l l  tests s a t i s f a c t o r i l y  and the other valves were 
a l s o  converted to  provide uni t s  for the module assembly. 

Connecting tubing is  butt-welded t o  

Since rtresses 

The 
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E. TEST FIXTURE DESIGN AND FABRICATION 

1. ComPonent Functional Test Fixtures  

Test f i x t u r e s  were designed and developed f o r  t he  func t iona l  
t e s t  of each component. A t yp ica l  schematic and ac tua l  t e s t  
setup f o r  the regulator  valve a re  shown i n  Fig. V-4 and V-5. 

To ensure t h a t  the t e s t  was performed co r rec t ly  and uniformly 
each time, the same instrumentation and piping was maintained 
throughout, and where possible,  t he  same personnel were used f o r  
each test .  The test un i t s  were supplied with spool connections 
f o r  easy in se r t ion  and removal from the  tes t  f i x t u r e ,  
necessary, as i n  the  case of the  regula tor ,  Fig. V-6, a jlolding 
f i x t u r e  was used t o  maintain the  i n t e g r i t y  of the  connecting 
points  and t o  prevent inadvertent handling damage. . 

Also where 

The c leanl iness  of a l l  gases used f o r  tes t  was assured by 
per iodic  sampling and c e r t i f i c a t i o n  and by including f i l t e r s  
within the test  f i x t u r e  

2. Decontamination and S t e r i l i z a t i o n  Chamber 

Assembly of the decontamination!sterilization chamber was 
completed, and checkout tests were conducted, culminating i n  
qua l i f i ca t ion  of the chamber i n  both the decontamination and the  
s t e r i l i z a t i o n  configurat ions.  

Figure V-7 is  a schematic of the chamber and accessories .  
Figure V-8 shows the open chamber with the  shroud removed. 
e l e c t r i c a l  hea te rs  (heat source f o r  s t e r i l i z a t i o n  tests) a r e  
located on the lowc- f lange of the  shroud. Figure V-9 is a view 
i n t o  the  chamber showing the  blower assembly and the  hot water 
hea t  exchanger. The hot water hea t  exchanger is the  hea t  source 
f o r  ET0 decontamination tests. The loca t ions  of the d i s t r i b u t i o n  
temperature thermocouples are shown schematically i n  Plg. V-10. 

The 

Following a preliminary adjustment of the  cam con t ro l l i ng  the 
ascent portion of the hea t  s t e r i l i z a t i o n  cycle,  the checkout t e s t s  
resu l ted  i n  qua l i f i ca t ion  of the chamber. Temperatures were main- 
tained within the  l i m i t s  spec i f ied  i n  JPL Specif icat ion VOL 505037 
ETS . 
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Phase 

Tempe r a t  u re  As c e n t  

Constant Temperature (275OF) 
Temperature Descent 

MCR-6 8-1 1 9  

Max i m u a  
Temperature 
Spread (FO) 

5 

5 

3 

The s i g n i f i c a n t  r e s u l t s  i n  t h e  h e a t  s t e r i l i z a t i a n  c y c l e  are 
indica ted  by t h e  maximum temperature spreads summarized i n  t h e  
fol lowing t a b u l a t i o n .  

Phase 

Temperature -Ascent 

Constant Temperature (122'F) 

Temperature Descent 

Maximum 
Temperature Allowable 
Spread (OF) Spread (OF) 

5 14.4 

2 7.2 

1 14.4 

A 1  lowable 
Spread (OF) 

14.4 

7.2 

14.4 

The r e s u l t s  of t h e  ET0 decontamination chamber q u a l i f i c a t i o n  
a r e  summarized i n  t h e  fol lowing t a b u l a t i o n .  

The o x i d i z e r  vapor d e t e c t o r  was encapsulated w i t h i n  a pressure  
chamber t o  permit opera t ion  a t  t h e  22 p s i a  chamber pressure  used 
during ET0 decontamination. 
enclosed s i n c e  it was only used during t h e  ambient-pressure d r y  
h e a t  s t e r i l i z a t i o n  tests because of chemical incornpatabi l i ty  of 
t h e  w e t  reagent  ce l l  used i n  t h e  d e t e c t o r  and t h e  e thylene  oxide.  

The f u e l  vapor d e t e c t o r  was n o t  

The humidity c o n t r o l  system i n i t i a l l y  was conceived as an 
e s s e n t i a l l y  open-loop system c o n s i s t i n g  of a superheated steam 
genera tor  and two v i s u a l l y  monitored humidity sensing systems. 
The prime measurement system f o r  humidity was an Alnor dewpointer. 
l 'his instrument was i n s t a l l e d  next  t o  t h e  decontamination chamber 
i n  an enc losure  t h a t  maintained it a t  a temperature approximately 
equal  t o  t h a t  of t h e  chamber t o  prevent condensation of t h e  water  
vapor i n  t h e  chamber gas.  
continuovs readout device and has  no output  s i g n a l  to  use  fcr 
recordinq and c o n t r o l ,  a secondary humidity sens ing  system was 

Since t h e  Alnor instrument was not  a 
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i n s t a l l e d  i n  t h e  chamber. The secondary system was an e l e c t r i c a l  
hygrometer manufacicrsd by Hygrodynamics, Inc .  The hygrometer con- 
s i s t e d  of a l i t h i u m  c h l o r i d e  c e l l ,  t h e  r e s i s t a n c e  of which responds 
t o  temperature and water  vapor c o n t e n t ,  and an e l e c t r i c a l  c o n t r o l  
box t h a t  has  an output  used t o  d r i v e  a s t r i p - c h a r t  r eco rde r .  

T ie  f e a s i b i l i t y  of using t h e  e1ectroh;rgcometer f o r  easier 
monitor ing of r e l a t i v e  humidi ty  was e s t a b l i s h e d  ear l ie r  i n  t h e  
program by p i l o t  t e s t s .  The t e s t  r e s u l t s  showed t h a t ,  a l though 
t h e  output  of t h e  hygrometer c e l l  was a f f e c t e d  by t h e  presence of  
s t e r i l a n t  gas ,  t h e  output  could be c o r r e l a t e d  w i t h  t h e  t r u e  z e l a -  
t i v e  humidity a s  determined w i t h  t h e  Alnor dewpointer.  
more, t h e  t e a t  r e s u l t s  i n d i c  ,ed t h a t  t h e  e f f e c t  of s t e r i l a n t  gas  
on t h e  sens ing  c e l l  was not cumulat ive,  i .e . ,  t h e r e  was no change 
w i t h  exposure t i m e .  It was, t h e r e f o r e ,  concluded t h a t  t h e  e l e c t r o -  
hygrometer could be used a s  a r e l a t i v e  measure of humidity condi-  
t i o n s  i n  t h e  chamber a f t e r  e s t a b l i s h i n g  t h e  r equ i r ed  c o n d i t i o n s  
on t h e  b a s i s  of Alnor dewpoint d a t a .  

Fu r the r -  

I n s t a l l a t i o n  and checkout of t h e  f u e l  vapor d e t e c t o r  and 
ox 'dizer  vapor d e t e c t o r  was completed, p l a c i n g  t h e  s t e r i l i z a t i o n  
chamber i n  a ready c o n d i t i o n  f o r  Task I1 s t e r i l i z a t i o n .  

Instrument  Accuracy - A test  program t o  v e r i f y  t h e  i n s t r u -  
mentat ion accuracy of t h e  Cold Flow Laboratory w a s  completed. 

Typical  e m p i r i c a l  2c accc-c ies  f o r  p r e s s u r e  measurements 
using t h e  nominal 2% f u l l - s c a l e  s y s ~ n  accuracy technique were 
b e t t e r  than 1%. An in-system s t i m u l k s  c a l i b r a t i o n  was performed 
on t h e  same t r ansduce r s  t o  demonstrate t h e  n m i n a l  1% f u l l - s c a l e  
accuracy c a p a b i l i t y  and t h e  t y p i c a l  2c accurac i e s  wsre b e t t e r  
than 0.32% f u l l - s c a l e  on a l l  r eco rde r s .  k 4-hr d r i f t  e v a l u a t i o n  
of t h e  same parameters i n d i c a t e d  a s l i g h t  degrading e f f e c t  of  
system accurac i e s .  Accuracy v a r i e d  with t h e  type of recordey 
used. Typical  end-to-end system accurac i e s  over  a 4-hr pe r iod  
were b e t c e r  than 0.26% f u l l  scale using t h e  CEC r eco rde r ,  0.32% 
f u l l  s c a l e  using B r i s t o l  r eco rde r ,  and 0.68% f u l l  scale us ing  a 
Sanborn r eco r2e r .  

A s iw1 , i t ed  dynamic s t i m u l u s  was used t o  demonstrate t h e  merit  
of e l e c t r o n i c a l l y  f i l r e r i n g  dynamic s i g q a l s  t h a t  have frequency 
components beyond t h e  r eco rde r  responsc.  This f i l t e r i n g  was per-  
formed a t  t h e  &i ta  a m p l i f i e r .  Typical  d c t a  showeci no s i g n i f - c a n t  
change i n  t h e  3-z;.-ac;7 of t h e  CEC and B r i s t o l  rec0rdir.q. A 250 Hz 
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inpu t  t o  t h e  Sanborn r eco rde r  produced an e r r o r  of 9.58% f u l l  
s c a l e .  E l e c t r o n i c  f i l t e r i n g  t o  10 Hz reduced t i l . ;  e r r o r  t o  0.57% 
fu! 1 s c a l e .  

Typical  2a accu rac i e s  f o r  t h r u s t  measurements were b e t t e r  than 
0.37% f u l l  s c a l e  over a 4-hr  per iod.  

Temperature d a t a  a c q u i s i t l o n  and r eco rd ing  ind i r  . ted a b e t t e r  
than 0.80% f u l l  s c a l e  accuracy over a 4-hr pe r iod  f o r  thermocouples 
sub jec t ed  t o  a temperature  range of -100'F t o  +250'F. The olatinum 
temperature probe demonstrated a 0.12% accuracy over  t h e  same pe r iod .  

C .  TEST METHOD 

The tes t  methods f o r  each component a r e  de f ined  by t h e  
Sonen t  and System Test Plan,  MCR-67-20. I n  a d d i t i o n  t o  t h i s  
document, d e t a i l e d  procedures were w r i t t e n  f o r  each component. 
Each procedure i s  complete i n  i t s e l f  providing s tep-by-step 
d i r e c t i o n ,  and l i s t s  of  necessary equipment and in s t rumen ta t ion .  
A schedule  = - r  t he  compcnent f u n c t i o n a l  tes ts  i s  shown i n  Table 
v-1. 

De ta i l e?  procedures were a l s o  prepared for component i n s t a l -  
l a t i o n  and removal and f o r  ihe h e a t  s t e r i l i z a t i o n  t e s t .  
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Table V - 1  Component Func t iona l  Test  Schedule 

I I Before and A f t e r  Each I Before F i n a l  1 
I Disassembly I Component 

Screen Trap 

1 Regulator  

Hand Shutoff  

T h r o t t l i n g  t-- Valve 

I Thrust  Chamber 

Leakage 
Cracking P res su re  
Regulat ion Band 
Lockup P r e s s u r e  
Res pons e 
Flow Capaci ty  

Leakage 
Response 
Flow Capaci ty  
Dielectric Res i s t anc  

Flow Capaci ty  

Leakage 
Flow Capaci ty  
Operat ing Torque 

~ 

Le aka ge 
Bridge Wire 

Res i s t ance  

(JPL t o  Perform 
- 

Func t i o n a  Is) 
Flow C h a r a c t e r i s t i c s  
Response Tlme 
Leakage 
D i e l e c t r i c  Test 
Voltagd, P u l l  I n  

T e s t  Type 
No. 
Run : 

1 
7 

1 Expulsion Demonstration 1 

1 

- 
1 
1 
1 

1 Opening Response 
1 Opening Flow Capaci ty  

Leakage ( C a r t r i d g e  Pin 
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D , COMPONENT STERILIZATION 

1. P r c r t e r i l i z a t i o n  Funct ional  T e s t i n g  

A ? r e s t e r i l i z a t i o n  check of  t h e  c r i t i c a l  p -meters was run  
on a l l  t he  components t o  e s t a b l l s h  a base:ine u r  LomparLson. 
Soca o f  t h e  parameters may not  a g r L :  e x a c t l y  w l t n  t hose  determined 
du r ing  acceptance z e s t i n g  and r epor t ed  i n  Seccion A of t h i s  chap- 
t e r .  
i n s t rumen t s  used,  Nevertheless  t h e s e  f i g u r e s  a r e  v a l i d  f o r  a 
comparison t e s t ,  
on t h e  o x i d i z e r  p r o p e l l a n t  tank.  The o x i d i z e r  t a n k  a s  r ece ived  
from t h e  s u p p l i e r  was r epor t ed  tc have a l e a k  through t h e  d i a -  
phragm. 
w i t h  a p re s su re  a c r o s s  t h e  diaphragm of  1 p s i .  
check was performed a t  Martir, Y a r i e t t a  u s ing  n i t r o g e n ,  no leakage 
could be d e t e c t e d .  The p res su re  was r a i s e d  i n  increments from 
1 p s i  t o  250 p s i  a c r o s s  t h e  diaphragm w i t h  no i n d i c a t e d  leakage.  
The app l i ed  p res su re  was from t h e  t ank  l i q u i d  o u t l e t  s i d e ,  which 
pressed t h e  diaphragm a g a i n s t  t h e  t ank  gas  s l d e  hemlsphere. The 
conclusion reached was t h a t  t h e  l e a k  was o r i g i n a l l y  i n  t h e  l i p  
s e a l  a r e a  r a t h e r  t han  through t h e  s k i n  of  t h e  diaphragm. I n  addi-  
t i o n ,  cold flow of t h e  Te f lon  i n  t h e  s e a l  a r e a  f i n a l l y  c losed  t h e  
i z a k  o r i g i n a l l y  d e t e c t e d  e t  t h e  s u p p l i e r  t e s t  f a c i l i t y .  The r e -  
s u l t s  of t h e s e  t e s t s  a r e  shown under Subsect ion 4 ,  fol lowing.  

T h i s  can be explained by t h e  d i f f e r e n c e  i n  tes t  s e t u p  and 

The one n o t a b l e  d i f f e r e n c e  i s  i n  t h e  l e a k  tes t  

Leakage r a t e  was i n d i c a t e d  t o  be 0.56 cc/minute o f  helium 
When t h e  same l e a k  

2 .  F i r s t  Sterilization S e r i e s  

Following t h e  completiorr of  a l l  r equ i r ed  p r e s t e r i l i z a t i o n  
f u n c t i o n a l  t e s t s ,  t h e  t e s t  componencs were loaded w i t h  p r o p e l l a n t s  
as r equ i r ed  and were mounted i n  t h e  s t e r i l i z a t i o n  chamber l i d  a s  
shown i n  F i g .  V - 1 1 .  X-ray photographs were taken of t h e  o x i d i z e r  
t ank  i n  an e f f o r t  t o  determine t h e  p o s i t i o n  o f  t h e  diaphragm. 
The diaphragm could not be d e t e c t e d  i n  t h e  p i c t u r e s  because i f  
i t  were properly placed a g a i n s t  t h e  i n l e t  s i d e  of  t h e  t ank  i f  
would not be d e t e c t a b l e .  

Analysis  of t h e  loaded o x i d i z e r  showed t h a t  t h e  NO con ten t  
was 0.47%, which was w i t h i n  t h e  0 .4  t o  3.8% s p e c i f i e d  by the 
MSC-PPD-2 s p e c i f i c a t i o n .  

S t e r i l i z a t i o n  t e s t i n g  of the components was s t p r t e d  on P.ugust 
1, 1967, and continued through s i x  c y c l e s  of  hea t  s t e r i l i z a t i o n .  
T e s t i n g  was completed on August 29, 1967. The s t e r i l i z a t i o n  was 
per  JPL  S p e c i f i c a t i o n  VOL-50503-ETS. 
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Components exposed t o  t h e  f i r s t  serie; of hea t  s t e r i l i z a t i o n  
c y c l e s  and the f l u i d s  co:.tained du r ing  t h e  series are  l i e t e a  in 
t h e  fol lowing t a b u l a t i o n ,  

Component F l u i d  Contained 

Oxidizer  Tank* w i t h  T e f l o n  
Diaphragm N&.> 
Fuel Tank wi th  Screen Trap MMH 

Regula t o r  

Sulenoid Valve 

F i l t e r  

Hand Shutoff Valve 

A i r  

A i r  

A i r  

N204 

Ordnance Valve N2°4 

W n e  o x i d i z e r  t ank  f a i l e d  du r ing  t h e  s i x t h  c y c l e  
and was removed b z f o r e  completion o f  t h e  s i x t h  
c y c l e .  

The r e s u l t s  o f  each c y c l e  o f  s t e r i l i z a t i o n  are  summarized i n  
t h e  fol lowing paragraphs.  

Cycle 1 was completed without  i x i d e n t  w i t h  r e s p e c t  t o  t h e  
chamber. The o x i d i z e r  t ank  p r e s s u r e  h i s t o r y ,  however, i n d i c a t e d  
t h a t  t h e  chamber temperature was approximately 3'F low dur tng  nos t  
o f  t h e  c o n s t a n t  temperature p o r t i o n  of t h e  c y c l e ,  wh i l e  t h e  f u e l  
t ank  was a t  equ i l ib r ium p r e s s u r e  f o r  t h e  i n d i c a t e d  temperature .  
It was be l i eved  a t  t h i s  time t h a t  the chamber temperature  was 
a c t u a l l y  low, therefor.. t h e  temperature was r a i s e d  a t  the t h i r d  
c y c l e  t o  compensate f o r  t h i s  d i s p a r i t y .  Howevei. € o l l r v i n g  the  
f a i l u r e  of t h e  plat?'.num r e s i s t a n c e  probe used :or chamber temper;- 
t u r e  c o n t r o l  du r ing  t h e  s i x t h  cyc le ,  R Lest was run  t o  determine 
t h e  a c t u a l  vapor p re s su re  ve r sus  temperature f o r  t h e  MMH. T h i s  
i s  r epor t ed  i n  Chapter IV.D.3, "Special  Tes t s . "  The r e s u l c  Df 
t h e s e  r e s t s  proved t h t  t h e  o x i d i z e r  vapor p r e s s u r e  was co. .ect  
f o r  t h e  i s i ended  chamber temperature ,  T t e  f a u l t  was i n  t h e  tem- 
p e r a t u r e  readout  and t h e  f u e l  vapor p r e s s u r e  ve r sus  temperature  
d a t a  were not  c o r r e c t .  The re fo re ,  ' o r  most of t h e  f i r s t  s i x  cy- 
c l e s ,  t h e  chamber temperetiire was a c t u a l l y  above t h e  intended 
s t e r i l i z a t i o r  temperar u r e .  

Cycle 2 was i n t e r r u p t e d  a t  31 h r  and 50 minutes i n t o  t h e  run 
by a h i l u r e  of  t h e  f a c i l i t y  power system. 01. r e s t a r t ,  a blower 
d r i v e  bc,qring f a i l e d ,  causing a d d i t i o n a l  do;m time. A f t e r  r e p a i r s  
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t h e  tes t  was r e s t a r t e d  w i t h  c y c l e  time s t a r t i n g  when p r o p e l l a n t  
vapor p r e s s u r e s  were s t a b l e  a t  275'F. 
a f t e r  t h e  s t a r t  o f  h e a t i n g  and a t  an agreed on c y c l e  ;Arne of  30 
h r  i n t o  t h e  r u n .  The-efore,  t h e  c y c l e  was penel izcd 1 h r  and 50 
minutes p l u s  t h e  r e h e a t  time of  16  h r  because of  t h e  down time. 

T h i s  occurrcd i 6  hours  

Cycle 3 was completed without  a problem, 

During Cycle 4 ,  t h e  chamber temperature  r a n  low a t  273'F due 
t o  a malfunct ion i n  t h e  temperature r e c o r d e r / c o n t r o l l e r .  
t i o n ,  t h e  o x i d i z e r  t ank  p res su re  appeared t o  be unduly low during 
t h e  sm and a l e a k  i n  t h i s  t ank  system was suspec ted .  A f t e r  t h e  
c y c l e  was completed, t h e  o x i d i z e r  tank and connect ing l i n e s  were 
p res su r i zed  t o  750 p s i g  w i t h  C'IV,. No l e a k s  were found a s  a re- 
s u l t  of t h i s  check. To avoid t c t r o d u c i n g  a c o r r e c t i o n  i n  o x i d i z e r  
tafik p r e s s u r e  i n  l a t e r  c y c l e s ,  t h e  GN, was removr-' '-v evacuat ing 
t h e  system and al lowing t h e  cxidieer t o  b o i l  f o r  I proximately 20 
minutes.  D e t a i l e d  evaluat ioi :  o f  the d a t a  a t  t h e  low chamber tem- 
p e r a t u r e  i n d i c a t e d  t h a t  t h e  ox?.dizer t ank  p r e s s u r e  was c o n s i s t e n t  
w i t h  previous c y c l e  t e s t  d a t a .  

I n  addi-  

The chamber temperature  r e c o r c e r / c o n t r a l l e r  was r e p j i r e d  and 
Cycle 5 was run a t  a chamber s e t  temperature o f  277'F. 
v a s  completed r 4 t h o u t  i n c i d e n t  except  for  t h e  con t inu ing  s u s p e c t e 7  
low o x i d i z e r  p r e s s u r e s .  This is 2xplained i n  Chapter IV.D.3, 
"Special  Tests .'I 

The c y c l e  

Cycle 6 was m r k e d  by perio2i.c malfvnct isq of t h e  chamber 
refe2ence temperature  (Trc) r eco rd ing  system, because of h e a t -  
induced degradat ion of  t h e  e1ectr ic ; i l  ledd :o che sensor  i n  t h e  
chamber. S ince  t h e  T r c  recorC:.r i s  a l s o  ;Le c o n t r o l l e r ,  t h e  spu- 
r i o u s  s i g n a l s  f:om t h e  sensor  caused t h e  chamber temperature  t o  
drop beldw t h e  r e q u i r e d  o p e r a t i n g  bar;.' du r ing  c e r t a i n  pe r iods  of 
cl-e :est. To compensate f o r  t h e  t es t  tinie at m d e r - t e a p e r a t w e  
conditil.: . .J, t h e  iiormal 76 -h r  t e s z  p e r f d  was extended on an hour- 
for-hour b a s i s .  

Toward t3c end of the  extended t e s t  run ( w i t h i n  4 h-. of t h e  
scheduled i n i t i a t i o n  r f  c o o l i n g ) ,  t h e  chamber o x i d i z e r  vqpor de- 
t e c t o r  sevsed a l e a k  from t h e  o x i d i z e r  tar.k t es t  item ana caused 
an automatic shutdown of t h e  chanber.  The o x i d i z e r  tank Lest 
item was removed f o r  i n s p e c t i o n  and f a i l u r e  a n a l y s i s .  Cycle 6 
was continued w i t h  a l l  t h e  remaining components by r e h e a t i n g  t h e  
chamber a t  t t , c -  p r e sc r ibed  r a t e ,  a l lowing a s t a b i l i z a t i o n  per iod 
of 8 h r  a t  27i'F chanber temperature ,  and then  completing t h e  r e -  
maining 4 h r  of scheduled time a t  275'F p l u s  t h e  normal 6-Flr c o r l -  
down 
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3 .  Second S t e r u z a t i o n  S e r i e s  

The second sezies of h e a t  s t e r i i i z a t i o n  cyc1e.s Qn t h e  system 
components was completed on Occcber 13,  1967. Cycles 7 t h r u  12 
a r e  summarizgd i n  t h e  followinr, paragraphs.  

Cycle 7 was s t a r t e d  a f t e r  a l l  compocx?:d had beer  subjec ted  
t o  t h e  m i d s t e r i l i z a t i o n  f t tnct ional  t e s t < , .  The o x i d i z e r  tank was 
not  i n s t a l l e d ,  having been removed f r c v  s t s r i l i z a t i o n  t e s t i n g  
f o r  f a i l u r e  a n a l y s i s  Suring t h e  previc his c y c l e ,  
valve furnished by JPL was i n s t a l l e d  i.. the chamber t o  undergo 
t h e  f i r s t  s i x  c y c l e s  of  s t e r i l i z a t i o c  t e d t i n g .  
d i z e r  p a s s a g a  i n  t h e  t h r o t t l i n g  va lva  were h a l f - f i l l e d  w i t h  MMH 
and N204, r e s p e c t i v e l y .  The remaining components were i n s t a l l e d  
i n  t h e  s t e r i l i z a t i o n  chamber es they had been i n s t a l l e d  during 
che f i r s t  s i x  s t s r i l i z a t i o n  c y c l e s ,  T h i s  c y c l e  was uneventful  
w i t h  t h e  except ion of  a chamber shutdown a t  T + 17 h r  caused by 
spurious s i g n a l s  from t h e  f u d  vapor d e t e c t o r .  Chamber tempera- 
t u r e  was r e s t o r e d  i n  approximately 2 h r .  Equilibriui:  2~ vapor 
pressure  ( f u e l  temperature) was r e e s t a b l i s h e d  8 h r  a f t e r  shutdown, 
a t  which time t e s t i n g  was resumed a t  t h e  T + i 7  h r  mark. 

The t h r o t t l i n g  

The f u e l  and o x i -  

Cycle 8 was marked by a n  unusually wide excursion -n chamber 
re ference  tcmperhture during t h e  f i r s t  h a l f  of t h e  run.  This  was 
caused by s l ippage  of a shim under t h L  cam f-lflower of t h e  teni- 
p e r a t u r e  c o n t r o l l e r .  During t h e  l a t t e r  he1.f of t h e  cyc le ,  t h e  
temperature s e t - p o i n t  was increased t o  compensate f o r  t h e  lowel 
temperature expericnced during t h e  e a r l i e r  p a r t  o f  t h e  cyc le .  
T h e  c o n t r o l l e r  problem was r e c t i f i e d  a t  t h e  conclusion of  the  
c y c l e .  

Cycle 9 was i n t e r r u p t e d  a t  T -I- 48:50 hr  by l o s s  of f a c i l i t r  
GN2 pressure  i n  t h e  tes t  a r e a ,  which caused t h e  chamb r tempera- 
t u r e  c o n t r o l l e r  to  shut  of f  the  chan,ber h e a t e r s .  This  i o n d i t i o n  
occurred during unattended chamber o p e r a t i o n  on Sunday, October 1. 
The shutdown could not  a c t i v a t e  t h e  chamher k i l l  alarm system, 
t h e r e f o r e ,  i t  was not  de tcc ted  u n t i l  t h e  fol lowing morning, a t  
which time t h e  chamber had been a t  under-temperature c o n d i t i a r a  
f o r  approximately 18 h r .  Equi l ibr ium chamber temperature and 
f u e l  vapor pressure ( f u e l  temperaLure) were r e e s t a h l i s h e d  a t  
16:50 on October 2 ,  a t  which t i m e  t h e  c y c l e  t i n i n g  was resumed 
a t  T + 48:50 hr  elapsed time. The c y c l e  was concluded without. 
f u r t h e r  i n c i d e n t .  

Cycles 10,  11, and 12 were completed without i n c i d x t .  
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4. Ste r i l i t a t i o r r  (Pre, Hid. and Post)  Functional Tests 

8esiilts of the  pre ,  mid, and p o s t s t e r i l i z a t i o n  funct ional  tests 
on each of the  components a r e  presented i n  the  summnry da ta  shee ts  
(Tables V-2 th ru  V-8).  
valves is  shown f o r  the  funct ional  tests run before s t e r i l i z a t i o n  
and a f t e r  completion a €  the  12 s t e r i l i z a t i o n  cycles .  The response 
data  from the mids t e r i l i za t ion  funct ional  test was 8dvt rse ly  af-  
fected by in t e rac t ion  between the valve solenoid c o i l s  caused by 
the  data  acqu i s i t i on  s y s t e i  loading the  d i r e c t  c o i l .  L o a d i q  of 
the  d i r e c t  (data pickoff) c o i l  caused t h e  response time of t h e  
valves t o  increase  by approximately a f ac to r  of th ree .  Inasmuch 
a s  the  in t e rac t ion  phenomenon was no: discovered u n t i l  a f te r  the  
second series of s t e r i l i z a t i o n  cycles  was underway, accurate  re- 
t r i e v a l  of the  t r u e  response c h a r a c t e r i s t i c s  of the  valves was 
not f eas ib l e .  I n  addi t ion ,  s ince  the  operat ing c h a r a c t e r i s t i c s  
of the  valves was not s ign i f i can t ly  changed a f t e r  12 s t e r i l i z a -  
t i o n  cycles ,  i t  was assumed t h a t  there  was no s i g n i f i c a n t  change 
i n  valve performance a t  the mids te r i l i za t ion  point .  

The performance of t he  t h r u s t  chamber 
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In t e rna l  Leakage 

GN,, 1 p s i d  (cc/hr) 

Expulsion, -1 g 

Quantity Loaded ( lb)  
Quantity Expelled (1bJ 

c 
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Table V-2 Performence Lat3, Propel lant  Tanks 

Component Name : 
Par t  Numbers: 

Oxidizer - 
Fuel - 

S e r i a l  Numbers: 
Oxidizer - 
F L C ~  - 

Item 

Propel lan t  Tank 

Martin Marietta L4B 6002514-009 
Pressure Systems, Inc  80092 
Martin Mariet ta  TAB 6002514-019 
Pressure Systems, Inc 

S/N 0001 
S/N 0001 

Pres ter i 1 iza  t i o n  

Zero 

-- 

50 .5  -- 

Zero 

-- 

Zero 

80.7 -- 

H i d s t e r i l i z a t i o n  

-- 
No bas ic  indica-  
t i o n  

-- 

Leakage a t  test 
f i t t i n g  

210 cc/min (He) 

80092 

P o s t s t e r i l i z a t i o r  

Zero 

-- 

-- 
0 -96 

Not Tested 
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Table V-3 

Component Name: 
P a r t  Number: 

Ser i a  1 Number : 

~~ 

Item 

Leakane Rate 

External (Bubbles GN,) 
I n t e rna l  (GN2 scc /hr) 

Hysteresis  

I n i t i a l  Out le t  Lockup 

Minimum Out l e t  Pr e s su r t  

Maximum Out le t  Pressure 

Pressure  (psig) 

( P S W  

( P S i d  
R,zula t i on  

I n l e t  Pressure,  I n i t i a l  

I n l e t  Pressure,  F ina l  

Average Flow Rate 

Outlet  Pressure (psig) 

( P S W  

(psig) 

( lb/sec)  

Minimum 
Maximum 

Response 

I n l e t  Pressure,  Average 

Out le t  Pressure,  Lockup 

Over shoo t ( p s i g) 

(psig) 

( P S W  

Performance Data, Pressure  Regulator 

Pressure  Regulator 
S t e r e r  PIN 35540 
Martin Mbrietta P/N LAB 6002515-009 
1 

~~ ~~~ ~ ~ 

P r e s t e r i l i z a t i o n  

Zerc 
4.2 

269 

259 

2 63 

1560 

40 8 

0.01s 

247 
2 50 

1650 

2 60 
0 

Mds t e r i l i z a  t ion  
-7 

I n i  t i a  1 

Zero 
56,000 

2 50 

2 43 

247 

1,513 

320 

0.014 

231 
23 5 

1,500 

252 
0 

F ina l  

Zero 
1200 

264 

248 

253 

1500 

342 

0.015 

234 
234 

-- 
-- 
- -  

P o s t s t e r i l i z a t i o n  

* 
4 900 

2 56 

246 

2 54 

1519 

351 

0.015 

23 1 
23 5 

1599 

244 
0 

*One 1/4-in.-diameter bubble every 5 minutes. 
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Table Y-4 Perforizsn:e Data, Solenoid Valve 

Component Name : 
P a r t  Number: 

S e r i a l  Number: 

! Item 

Leakage Rate 

lium) 

I n l e t  Pressure (psig) 
Leakage (scc /hr) 

( H e 1  ium) 

In1 e t /Out lz t  Pres - 
Leakage Rate (scc/  

In t e rna l  Leakage (He- 

External Leakage 

sure  (psig) 

hr) 
Flow Capacity (GN,) 

sure (ps i a )  

perature  (OF) 

(1 b /sec) 

Corrected I n l e t  Pres- 

Corrected I n l e t  Tem- 

Corrected Flow Rate 

Response 

Average I n l e t  Pressure 

Opening T ime  (sec) 
( P S i d  

Minimum 
Maximum 

Minimum 
Maximum 

Closing Time (sec) 

G ie l ec t r i c  Strength 

( microamp s) 

(mi croamp s) 

Pin A t o  Case, 500 vac 

Pin B t o  Case, 500 vac 

Solenoid Valve 
S t e r e r  P/N 35580 
Martin Mariet ta  P/N 6002516-001 
2 

~~ ~ ~~ ~ 

P r e s t e r i l i z a t i o n  

1560 
3.3 

2200 

Zero 

1550 

70 

0 .a70 

1545 

0 .lo2 
0 .lo2 

0.082 
0.089 

4 

4 

1530 
2 .o 

2200 

Zero 

1550 

50 

0.072 

1543 

0 . lo2 
0 .lo8 

0.081 
0.092 

0 

0 

~ ~~ ~ 

Pos t s  t e r i l  i z a  t io1 

1544 
0 

2200 

Zero 

1550 

70 

0.071 

1533 

0 . lo4 
0 . lo4 

0.084 
0.084 

500 

500 
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item 

Pressure Drop (GN,)- 

High Pressure 

I n l e t  Pressure (psig) 
Flow Rate ( lb/sec)  
Pressure Drop ( p s i )  

Low Pressure 

I n l e t  Pressure (psig) 
Flow Rate (lb/sec) 
Pressure Drop (ps i )  

v-33 

P r e s t e r i l i z a t i o n  Mids t e r i l i za t ion  P o e t s t e r i l i e a t i o ~  

1550 1537 1552 
0.015 0.015 0,016 

0 0 0 

3 75 248 2 80 
0.014 0.016 0,014 

0 0 0 

Table V-5 Performance Data, F i l t e r  

Component Name : 
?a r t  Number : 

Ser i a l  Number: 

F i l t e r ,  5 Micron Nominal 
Western F i l t e r  Company P/N 20477-5 
Martin Marietta P/N I A B  6002513-009 
None 
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Table V-6 Performance Data, Hand Shutoff Valve 

Component Name: 
Pa r t  Number: 

S e r i a l  Number: 

Hand Shutoff Valve 
VACCO NVB 32181 
Martin Mariet ta  LAB 6002512-009 
2 13 85-1 

Item 

Operatinn Toraue (Helium 

Shutoff Torque ( in .  / lb )  
Leakage a t  Shutoff 

248 D S i R )  

(cc/min) 

Leakage (Helium, 935 psig 

In t e rna l  (cc/min) 
External (scc/sec) 

Flow Capacity (GNp) 

I n l e t  Pressure (psig) 
Outlet  Pressure (psig) 
Flow Rate ( lb/sec)  
Capacity Factor 

P r e s t e r i l i z a t i o n  

IO* 

1.9 t o  3.8 

19 
Zero 

2 50 
250 
0 

0.0765 
0.45 

Mids te r i l i za t ion  

10* 

41.0 t o  44.5 

720 
1.12 x 

2 50 
2 50 
0 

0.0720 
0.42 

Posts t er i? i t a  t ion  

10* 

16.0 t u  20.0 

Zero (16 in . - lb)  

2 50 

2 50 
0 

0.0725 
0.43 

1.35 10-5 

*Maximum allowable torque. 
leakage r a t e  noted. Complete shutoff occurred a t  17 in . - lb .  

Complete shutoff  was not obtained, a s  indicated by 
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P o s t -  
fir ing  - 

Zero 
7 . 3  1 0 ' ~  

42,500 

1.4 

v-35 

Table  V-7 Perlormance Data,  Ordnance Valve 

Component Name : 
P a r t  Number: 
S e r i a l  No: 
Squib: 

Ordnance Valve 
JPL No. D4700696 
015 
P/N 54700697 

Item 

- Leakage Rate ,  Helium 
@ 2250 f 50 ps ig  
(scc/sec)  

I n t e r n a l  : 
Externa l  : 

Response 
dPc / d t  , p s i / s e c  

P r e s s u r e  r g a p ,  Design GN9 - Flow /a 260 p s i a  ( p s i )  

P r e s  ter i l  i z a  t i o n  

Zero 
Zero 

N /A 

N /A 

M i d s t e r i l i z a t i o n  

Zero 
Zero 

N /A 

N /A 

P o s t s t e  

Pre-  
f i r i n g  

i e r o  
Zero 

N /A 

N /A 
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Table V-8 Performance Data, Thrust Chamber Valves - 
Item 

-5 
Pull-in Voltage (vdcr 

Maximum 
Mi n i mum 

Maximum 
MI n i mum 

Maximum 
Mi nimum 

Opening Response (eec) 

Closing Response (sec) 

Leakage : Ext erne 1 (bubb 1 es 
GN2) 

Internal (cc GN,/ 
nr) 

Pressure Drop, Design Flow 

Insulazion Resistance 
(psi) 

(megohms) 

h e 1  Valve, S/N 576 

Pull-in Voltage (vdc) 
Maximum 
Minimum 

Opening Response (sec) 
Maximum 
Minimum 

Closing Response (sec) 
Maximum 
Mini mum 

External (bubbles GN,) 
Internal (cc GN,/hr) 

Flew (psi) 

(megohms) 

Leakage: 

Pressure Drop, Design 

Insulation Resistance 

Presterilization 

14 .O 
14 .O 

0.0118 
0.0112 

0,0084 
0,0079 

Zero 

Zero 

27.5 

500+ 

11.5 
11.5 

0.0389 
0.0087 

0.0094 
0,0091 

Zero 
Zero 

13.8 

500+ 

Poststerilization 

13.2 
13 .O 

0,0125 
0,0123 

0.0090 
0.0090 

Zero 

Zero 

29.2 

500+ 

11.3 
11.3 

0.0118 
0.0120 

0.0096 
0.0087 

Zero 
Zero 

14.2 

500+ 
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E, COMPOEtENT DISASSEMBLY, INSPECTION, AND PERFORMANCE 

v-37 

1. P r o p e l l a n t  Tanks 

a .  Ox id ize r  Tank 

A major problem occurred du r ing  t h e  f i n a l  c y c l e  o f  f i r s t  
s t e r i l i z a t i o n  s e r i e s .  
cons t an t  temperature p o r t i o n  o f  the c y c l e ,  an o x i d i z e r  l e a k  caused 
a n  automatic chamber shutdown. When the  chamber cover was removed, 
an o x i d i z e r  vapor l e a k  was d e t e c t e d  on the lower f i t t i n g  of t h e  
o x i d i z e r  t a n k ,  Since :he tank was s t e r i l i z e d  i n  t he  i n v e r t e d  po- 
s i t i o n ,  t h e  l eak  was coming from t h e  gas  s i d e  p o r t .  

With approximately 4 h r  r ena in ing  i n  t h e  

The tank was removed from t h e  chamber and the  l e a k ' r a t e  
was measured w i t h o u t ,  changing t h e  t a n k ' s  o r i e n t a t i o n .  Th i s  was 
accomplished by removing t h e  hand va lve  and cap from t h e  gas  s i d e  
p o r t  and a t t a c h i n g  a p i ece  o f  t ub ing ,  The tubing was routed t o  
a graduated c y l i n d e r ,  Tanlc l i q u i d  s i d e  p re s su re  ( top p c r t )  was 
inc reased  t o  60 p s i g  using gaseous n i t rogen  a s  a p r e s s u r a n t .  
Liquid leakage from t h e  gas  s i d e  F o r t  was measurd a t  58 cc/minute .  
Th i s  i n d i c a t e d  t h a t  l i q u i d  was pass ing  through t h e  diaphragm o r  
around the  diaphragm seal a t  t h e  tank g i r t h .  X-ray p i c t u r e s  were 
talcen of t h e  tank t o  Letermine diaphragm p o s i t i o n  and l i q u i d  l e v e l .  
There appeared t o  be gas  pockets  near t he  g i r t h  seal  on t h e  gas 
s ide  of  t h e  diaphragm and the  t ank  l i q u i d  s u r f a c e  was j u s t  a t  t h e  
g i r t h  weld. To establish t h e  leakage p o i n t ,  t he  t ank  was plumbed 
t o  a r e c e i v e r  v e s s e l  a s  shown by F i g .  V - 1 2  and t h e  r e c e i v e r  tank 
s c a l e  reading was talcen. The two t ank  hand v a l v e s  were opened 
and the  l i q u i d  s i d e  was p r e s s u r i z e d  t o  60 p s i g .  An i n c r e a s i n g  
s c a l e  r ead ing  i n d i c a t e d  the  l i q u i d  l eak  was s t i l l  presenc.  To 
determine the leakage p o i n t  t h e  leak was allowed t:, cont inue u n t i l  
l i q u i d  stopped flowing and e i t h e r  gas  was expe l l ed  o r  no f u r t h e r  
flow of gas  o r  l i q u i d  was noted. A stopping of  l i q u i d  flow f o l -  
lowed by no gas  flow could i n d i c a t e  a q u a n t i t y  of  l i q u i d  on t h e  
gas  s i d e  of  t h e  diaphragm. T h i s  could r e s u l t  from permeation of  
the Teflon diaphragm dur ing  temperature c y c l e s  and would no t  rep-  
r e s e n t  a l e a k  i n  t h e  normal sense .  A con t inua t ion  of  gas  flow 
a f t e r  t e rmina t ion  of  l i q u i d  flow would i n d i c a t e  a n  uncovering of 
the l eak  p o i n t ,  F ig .  V-13. 
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Lgulator 
Test Tank 6 

9 I ,-Recriver Tank 

S c a l e 1  

Vent Gas 
Condenser f 

Ice BathA 

Fig.  V-12 Oxidizer Tank Leak Measurement Schemaric 
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Leak Poict 

a 8  Flow 
F i g .  V-13 Determination of  Leak 

P o i n t  dur ing  Drain 

A t  t h e  completion of l i q u i d  flow., a scale reading  was 
taken and g a s  flow continued. 
l i s h  t h e  l i q u i d  flow and a l l  i n d i c a t i o n s  were t h a t  t h e  tank was 
empty. Since a l l  l i q u i d  dra ined  through t h e  leak ,  t h e  indicat:'.on 
w a s  t h a t  t h e  l e a k  was i n  

Tipping t h e  tank  d i d  not rees tab-  

gas i n l e t  p o r t  area. 

A decontamination process  was i n i t i a t e d  t h a t  cons is ted  cC 
p l a c i n g  t h e  tank i n  a n  oven a t  200°F. A gas  e j e c t o r  was connected 
to the  tank g a s  port to hold t h e  diaphragm i n  p lace  and a tube was 
i n s e r t e d  approximately 6 i n .  i n t o  t h e  l i q u i d  s i d e  p o r t  and a gas- 
eous n i t rogen  purge w a s  maintained. A f t e r  two days of  baking and 
purging, t h e  contamination level was a t  11 ppm and no f u r t h e r  de- 
crease could be noted.  A t  t h i s  t i m e  decontamination was termin- 
a t e d .  

Addi t iona l  X-ray p i c t u r e s  were then taken and a borescope 
i n s p e c t i o n  w a s  a t tempted.  
ob ta ined  i n d i c a t i n g  t h a t  t h e  d i a p h r a p  was not  i n  c o n t a c t  wFth t h e  
dome i n  t h e  area o f  t h e  diaphragm seal. 
w a s  unsuccessful  because t h e  l i g h t  was inadequate t o  g e t  a c l e a r  
image and t h e  instrument  could n o t  be placed c l o s e  enough t o  t h e  
i n s i d e  s u r f a c e  t o  o b t a i n  any d e t a i l .  

A c l e a r  p i c t u r e  o f  the  diaphragm was 

The borescope i n s p e c t i o n  

The o x i d i z e r  tank was sec t ioned  through the weld jo in ing  
t h e  tank hea2spheres so the  diaphragm could be removed i n  one 
p iece .  The diapi.r?em r e t a i n e r  r i n g  d i d  not  s e 9 a r a t e  from t h e  
sect ioned tank as expected, and a s  a r e s u l t  scme diaphiagm damage 
was incurred near t h e  seal whi? removing i t .  
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A leak test  of the diaphragm a f t e r  renaval disclosed a 
leak a t  the apex of the hemisphere and another near the s e a l .  
leak near the seal may have been incurred when the diaphragm was 
removed from the tank,  The leak a t  the apex, shown i n  Fig.  V-14, 
was iden t i f i ed  before the tank was sectioned. The f a i l u r e  of the 
diaphragm a t  the apex is a t t r i b u t e d  t o  a high stress ccncentrat ion 
imposed a t  d e  f a i l u r e  point  because of the sudden ct.;nge i n  cro8s- 
sec t ion  a rea  a t  t h a t  point (Fig. V-15). The o r i g i n a l  design ca l l ed  
f o r  a gent le  taper over the cross  sec t ion  area change, however, i t  
was not provided i n  the f inished part. 

The 

Creases i n  the rewved diaphragm shown i n  Fig.  V-14, V-16, 
and V-17, while not des i rab le  did not  d i sc lose  any leakage, 
creases  resu l ted  from a s l i g h t l y  oversized hemispherical diaphragm 
with respect  t o  the hemispherical tank i n t e r n a l  dimensions, 
addi t ion  t o  providing po ten t i a l  leakage poin ts  i n  the  diaphragm, 
these creases  a l s o  c rea t e  voids  between the  diaphragm and tank 
wall t h a t  provide addi t iona l  gas s ide  volume f o r  propel lant  per- 
meation. Future diaphragms of t h i s  type should be designed so 
t h a t  a small amount of s t r e t c h  i s  required t o  prevent accumula- 
t i o n  of mater ia l  and subsequent creases .  
be s t re tched up t o  2% before the material begins t o  y i e ld .  The 
diaphragm design s t r e t c h  must be considered f o r  the worst case 
during s t e r i l i z a t i o n  and the  tank wall growth must  a l s o  be con- 
sidered. 

The 

I n  

TFE-E'EP diaphragms may 

This f a i l u r e  r e su l t ed  i n  fu r the r  inves t iga t ion  of the  dia-  
phragm permeation mechanism and the  a f f e c t  of diaphragm leakage 
on other  s t e r i l i z a t i o n  program objec t ives .  

The main concern presented by diaphragm leakage is insuf-  

Oxidizer deplet ion could cause engine shutdown i n  a 
f i c i e n t  oxidizer  t o  complete the planned 280-sec hot  f i r e  demon- 
s t r a t i o n .  
fue l - r ich  condition. 
b u t  would cu t  the hot  f i r e  demonstration shor t .  

This  would not be detr imental  t o  the engine 

The diaphragm was t o  be posit ioned a t  the bottom e '  the 
tank with the propel lant  hydros ta t ic  head maintaining i t  i n  in-  
timate contact with the tank wall. 
f lexing during system s t e r i l i z a t i o n ,  thereby extending i t s  usefu l  
l i f e .  I f  the diaphragm leaks,  t h i s  pos i t ion ing  would be unsa t i s -  
fac tory  because the propel lant  t ransfer red  t o  the gas s ide  would 
not provide the expulsion e f f ic iency  required f o r  successful  sys- 
C ~ I I I  operat ion.  
the gas s ide  during expulsion. 

This  would prevent diaphragm 

The problem i s  trapping of usable propel lant  on 
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Teflon permeation t o  N,O+ l iqu id  and vapor was reviewed 
t o  assure  complete understanding of the permeation mechanism and 
the efLCect of permeation on the containment of the l i qu id  propel- 
l a n t  during the s t e r i l i z a t i o n  cycle.  

I n  a crack-free diaphragm t h a t  has no p in  holes ,  the mech- 
an ism of permeation occurs ir. th ree  d i s t i n c t  steps: 

Solution of permeant i n t o  diaphragm - The permeant 
d i sso lves  i n t o  the permeable Teflon wcnbrane on the 
s ide  of i t s  higher concentration. Ii .I absorpt ion , 

of N,O, i n t o  the Teflon i s  evidenced by swelling of 
the membrane ; 

Diffusion of permeant through the membrane - The per- 
meant d i f fuses  through the membrane t o  the  s i d e  of  
lower concentration. 
formation of "holes" i n  the p l a s t i c  network due t o  
thermal a g i t a t i o n  of the chain segments .) ; 

Evaporation on the low concentration s ide  of  the  
membrane - The permeant emerges as vapor due t o  
evaporation on the low concentration s i d e  of the 
membrane. 

(The process depends on the 

Generalization of permeation by ac t iva t ed  d i f fus ion  i s  
governed as follows: 

Permeation rate increases  exponentially with temper- 
a tu re ;  

Permeation i s  e s s e n t i a l l y  independent of hydros ta t ic  
pressure ; 

Kate r i a l s  of the same molecular s i z e  t h a t  w e t  the  
membrane permeate a t  a higher rate;  

Once ni t rogen te t roxide  i s  absorbed i n  the Teflon 
membrane, the  d i f fus ion  through the l a t t i c e  i s  molec- 
u la r  i n  nature;  

The dr iving force required €or permeation t o  occur 
is the d i f f e r e n t i a l  par t ia l  pressure,  gas pressure,  
or vapor pressure ( d i f f e r e n t  mole concentration) 
between the two environments separated by the mem- 
brane. 
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I n  c o n t r a r t  t o  permeation by a c t i v a t e d  d i f f u s i o n ,  t h e  
mechanirm o f  permeation through porour material8 doer  not  caure 
t h e  permeating molecule t o  change from undierolved t o  d i r r o l v e d  
and doer  n o t  form t r a n r i e n t  ho le8  i n  i t 8  paerage.  
p i n  ho le8  o r  c racks  i n  the membrane r e s u l t  i n  l i q u i d  leakege,  
which i r  completely unacceptable .  

F u r t h e r ,  rml l  

Because o f  t h e  diaphragm l e a k ,  i t s  p o s i t i o n  d u r i n g  ster-  
i l i z a t i o n  as  a f f e c t e d  by leakage and the  r i s k  t o  program comple- 
t i o n  were r e e v a l u a t e d .  The a n a l y s i s  i n d i c a t e s  t h a t  t h e  t ank  
diaphragm w i t h  p o t e n t i a l  leakage p o i n t s  should be s t e r i l i z e d  i n  
an upward p o s i t i o n  t o  p reven t  a n  unacceptable  amount of propel-  
l a n t  from t r a n s f e r r i n g  t o  the t ank  p r e s s u r a n t  s i d e .  F u r t h e r ,  
w i t h  a diaphragm s t e r i l i z e d  i n  t h e  upward p o s i t i o n ,  t h e  amount 
of f l e x i n g  due t o  thermal c y c l i n g  can be a maximum o f  approxi-  
mately 6.5 i n ,  i n  ampli tude,  which would be a n  a c c e p t a b l e  condi- 
t i o n  f o r  a 8.25-in . - r ad ius  hemispherical  diaphragm. 

The p o s i t i o n i n g  o t  t h e  diaphragm i n  t h e  p r o p e l l a n t  t ank  
du r ing  s t e r i l i z a t i o n  becomes c r i t i c a l  under c e r t a i n  cond i t ions .  
To e v a l u a t e  t h e  most d e s i r a b l e  p o s i t i o n ,  t he  e f f e c t  o f  v a r i o u s  
p e r t i n e n t  c o n d i t i o n s  were i n v e s t i g a t e d .  These c o n d i t i o n s  are  
presented i n  Table V-9. The items noted by 1 and 2 are desir- 
a b l e ;  3, 4, and 5 are u n d e s i r a b l e ;  and 6 and 7 are unacceptable  
f o r  diaphragm p o s i t i o n i n g  d u r i n g  s t e r i l i z a t i o n s .  

The t ank  assembly f o r  t h e  system demonstrat ion test con- 
t a i n s  a l e a k i n g  diaphragm and has  a small t ank  o u t l e t  volume. 
For t h e s e  cond i t ions ,  Table  V-9 shows t h a t  s t e r i l i z a t i o n  w i t h  
t h e  diaphragm i n  the bottom of  the tank would be unacceptable .  
I f  the diaphragm were p o s i t i o n e d  i n  the  top o f  t he  tank,  t h e  re- 
s u l t  of t h e  s t e r i l i z a t i o n  would be a c c e p t a b l e .  

C a l c u l a t i o n s  f o r  the e x i s t i n g  o x i d i z e r  tank assembly hav- 
ing  a small t ank  o u t l e t  volume of approximately 1,548 cu i n .  sup- 
p o r t i n g  t h e  above e v a l u a t i o n  are presented i n  Appendix B. 
a d d i t i o n ,  Appendix C p r e s e n t s  c a l c u l a t i o n s  o f  p r o p e l l a n t  level 
and u l l a g e  du r ing  s t e r i l i z a t i o n .  

I n  
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Table V - 9  Diaphragm P o s i t i o n s  

Diaphragm P o s i t i o n  

Top of  Tank 

Bottom of  Tank 

Condit ions 
( t ank  o u t l e t  volume 
inc ludes  v o i d s  between 
diaphragm and t ank  wall) 

Leak i n  diaphragm 
Large t ank  o u t l e t  volume 
Sara11 tank o u t l e t  volume 
Zero t ank  o u t l e t  volume 

Large t ank  o u t l e t  volume 
Smal l  t ank  o u t l e t  voluize 
Zero t ank  o u t l e t  volume 

No l e a k  i n  diaphragm 

Leak i n  diaphragm 
Large t ank  o u t l e t  volume 
Small t ank  o u t l e t  volume 
Zero t ank  o u t l e t  volume 

Large t ank  o u t l e t  volume 
Smal l  tank o u t l e t  volume 
Zero tank o u t l e t  volume 

No l e a k  i n  diaphragm 

Exp e c t e d 
Resu l t  

3 
3 
2 

3 
1 
2 

6 
6 
2 

7 
2 
2 

Code : - 
1 Minimum (maximum of 2 i n . )  ampli tude diaphragm f l e x  

f o r  each h e a t  cyc le .  

2 N e g l i g i b l e  diaphragm movement. 

3 

4 Overa l l  tank h e a t  rate s e n s i t i v e .  

5 Unce r t a in ty  i n  p o s i t i o n  of l e a k  and amount of propel-  
l a n t  t r a n s f e r  t o  p re s su ran t  s i d e .  

6 Excessive p r o p e l l a n t  on gas s i d e  a f t e r  s t e r i l i z a t i o n .  

7 

Large (maximum' o f  6 . 5  i n  .) ampli tude diap!iragm f l e x  
f o r  each h e a t  cyc le .  

Flex of  diaphragm and entrapment of  vapor  bubble below 
s e a l .  
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Diaphragti f l e x i n g  w i l l  occur  depending on t h e  tank h e a t  
i n p u t  ra te  and d i s t r i b u t i o n .  
t h e  apex o f  t he  hemisphere w i t h  the  diaphragm pos i t i oned  i n  the 
t ank  bottom, p r o p e l l a n t  w i l l  l e a k  under t h e  h y d r o s t a t i c  head of  
approximately 1 p s i  f i l l i n g  t h e  p r e s s u r e  s i d e  tank o u t l e t  volume, 
The t ank  o u t l e t  volume i s  approximately 1.548 cu i n ,  I f  t he  h e a t  
i n p u t  i s  assumed t o  r each  t h e  p r o p e l l a n t  i n  t h e  o u t l e t  (a worst-  
ca se  cond i t fpn  du r ing  t h e  s t e r i l i z a t i o n  h e a t  cyc le )  be fo re  t h e  
p r o p e l l a n t  s i d e  i s  a f f e c t e d  the  p r o p e l l a n t  on t h e  p r e s s u r a n t  s i d e  
w i l l  h e a t  t o  275'F wi th  a r e s u l t i n g  vapor p r e s s u r e  of -800 p s i a .  
Under these  c o n d i t i o n s ,  t he  l i q u i d  p r e v i o u s l y  a t  70°F e q u i v a l e n t  
t o  0.08 lbm [see Fig.  V-l8(a)]  would expand and vapor i ze  r e s u l t -  

i n g  a l a r g e  gas  bubble t h a t  would s e p a r a t e  t h e  diaphragm from the  
wall. 

Consider ing a diaphragm leak ing  a t  

0.43 

800 p s i a  800 p s i a  expanded 
m 

P r o p e l l a n t  t o  275'F and 
14.7 p s i a  

(a) (b) (c) 

Fig.  V - 1 8  Oxidizer  Tank Diaphragm Conf igu ra t ions  and P r o p e l l a n t  Heights 
du r ing  S t e r i l i z a t i o n  

p s i  

F igu re  V-l8(b) shows 0.08 l b  
0.08 l b  
9.3 l b l c u  f t  

of  N,O, a t  275'F and 800 

= 0.008 f t 3  of space o r  13.8 cu 
m 

.a would occupy 

i n . ,  t he reby  r a i s i n g  the  l i q u i d  l e v e l  approximately 0.1 i n .  Th i s  
amount o f  gas ,  i f  i t  occupied a n  annulus  below the seal  a t  the 
t ank  O.D. having a h e i g h t  o f  1.0 i n .  would be approximately 0.8 
i n .  wide o r  would separate t h e  diaphragm 0.8 in .  from t h e  tank 
wal l  j u s t  below t h e  seal. I f  t h e  bu lk  temperature of t he  propel-  
l a n t  remains a t  70'F and 14.7 p s i a  while  t he  p r o p e l l a n t  i n  the 
F res su ran t  s i d e  o u t l e t  volume i s  hea ted  to 275'F, t he  13.8 cu i n .  
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Diaphragm Propellant Weight Temperature I Posi t ion  S t a t e  ( I t )  (*PI 

MCR-68-119 

I Volume Expanded t o  
14.7 ps i a  and 70'F 

Volume Expanded t o  
14.7 ps i a  and 275OP I (cu in . )  I (cu in.) 

Volume @ 800 p s i a  
and 275'B (cu in . )  

of  vapor a t  800 p s i a  would expand t o  75 cu in .  i f  t he  f i n a l  vapor 
p re s su re  were 14.7 ps ia .  
l i q u i d  l e v e l  t o  r i se  approximately 0.43 i n *  [ see  Fig. V-l8(c) 1. 

Expansion t o  14.7 p s i a  would cause t h e  

t I 1 

Top of Permeated 0.008 275 1.548 21.6 84.5 
Tank o r  leaked Vapor Vapor Vapor 

Botton Propellant 0.080 70 1.548 13.8 75.0 
of Tank Leak Liquid Liquid Vapor 

vapor 

Liquid 

Nonleak Permeated 0.008 275 1.548 21.6 84.5 
Diaphragm Vapor Vapor Vapor Vapor 
Bottom 

F u r t h e r ,  as  the  ga8 r f s e s  from t h e  p r e s s u r a n t  s i d e  o u t l e t  
volume, more p r o p e l l a n t  w i l l  l e a k  i n t o  t h i s  c a v i t y  c o n t i n u a l l y  
i n c r e a s i n g  t h e  p r o p e l l a n t  q u a n t i t y  on t h e  p r e s s u r a n t  s i d e  u n t i l  
a n  equ i l ib r ium c o n d i t i o n  i s  reached. 

I f  t h e  t ank  were s t e r i l i z e d  i n  t h e  u p r i g h t  c o n f i g u r a t i u n ,  
i * e , ,  t he  diaphragm i n  t h e  top  o f  t he  tc ., t h e  vapor t h a t  would 
leak through o r  permeate t h e  diaphragm dur ing  equ i l ib r ium condi- 
t i o n s  a t  275*F would amount t o  approximately 0.0083 lb,. 

q u a n t i t y  were expanded t o  275'F ar.d 800 p s i a ,  a c o n d i t i o n  would 
e x i s t  i n  which t h e  diaphragm would be pushed away from t h e  top 
of the t ank  wall by less than  1 in .  

I f  t h i s  

Various c o n d i t i o n s  o f  volume due t o  permeation and l eak -  
age as a f u n c t i o n  of diaphragm p o s i t i o n  are presented i n  Table 
v-10. 

Table V-10 Volume due t o  Permeation and Leakage as e Funct ion 
o f  Diaphragm P o s i t i o n  

I I P rope l lan t  I I I I 
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Compo ne n t 

Monomethyl Hydrazine 

Nitrogen 

Ammonia 

Water 

Unknown 

b, Fuel Tank 

Volume Fract ion (%) 

98.95 

0.12 

0.09 

0.70 

0.14 

The fue l  tank p o r t s t e r i l i e a t i o n  funct ional  t a r t  conr i r ted  

Inasmuch as the fue l  tank had been subjected t o  r t e r i l i z a -  
of an ex2ulrion t e s t  a t  -1 g conditions and an ex terna l  leakage 
t e s t ,  
t l on  t e s t i n g  i n  the inverted pos i t ion ,  a p a r t i a l  expulsion w18 
f i r s t  made i n  the +1 g or i en th t ion  t o  f i l l  the propel lant  trap, 
Subsequent attempts t o  perform -1 g expulsion8 resu l ted  i n  ex- 
pulsion of only a port ion of the capaci ty  of the t rap ,  
more; the e f f luen t  war a mixture of gas and l iqu id  throughout the 
e x p u l s i  n sequence. 
var ious explusion attempts responded t o  the method used t o  f i l l  
the t ra9.  Since the i n t e n t  of the p o s t s t e r i l i z a t i o n  func t iona l  
t e s t  was to a s ses s  heat-induced degradation, the r e s u l t s  show in 
Table V-2  represent  the expulsions associated with the most e f -  
f ec t ive  t rap  f i l l i n g  technique. The 0.96-lb quant i ty  expelled 
a t  -1 g condi t ions was demonstrated a t t e r  the tank had been i n  
the  -1 g a t t i t u d e  fo r  about 16 hr .  
not a t t a ined  i n  any of the several  -1 g expulsion tests. 

Further- 

The quant i ty  of f u e l  expelled during the 

Completely gas-free flow was 

A sample of the MMh fue l  was taken from the fue l  tank t e s t  
item a f t e r  about ha l f  of the 50-lb load had been expelled. The 
laboratory ana lys i s ,  shown i n  Table V - 1 1  indicated t h a t  no s ig-  
n i f i can t  degradation of the fue l  had taken place. The f u e l  was 
s t i l l  water-white a t  the end of the Phase I1 s t e r i l i z a t i o n  test-  
ing,  ind ica t ing  t h a t  no oxidation had taken place and the s l i g h t  
increase i n  vapor pressure observed during s t e r i l i z a t i o n  was 
minor. 
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A f t e r  :he i n i t i a l  at tempts t o  o b t a i n  s ingle-phase l i q u i d  
flow under -1 g: c o n d i t i o n s ,  a s h o r t  t e s t  program waa i n i t i a t e d  
t o  accomplish two o b j e c t i v r s .  The f i r s t  o b j e c t i v e  was t o  e s t a b -  
l i s h  a t ank  f i l l  tcchnique which would assure f i l l i n g  of  t he  t r a p  
so t h a t  -1 g o p e r a t i o n  of t he  t rap could be determined exc lus ive  
o f  s t e r i l i z a t i o n  e f f e c t s .  The second o b j e c t i v e  was t o  demonstrate 
i n i t i a t i o n  of  p o s i t i v e  1 g outf low wi thou t  g a s  entrainment  t o  
assure proper engine o p e r a t i o n  du r ing  t h e  module f i r i n g ,  

The tank had been f i l l e d  i n i t i a l l y  by evacua t ing  t h e  tank 
i n  t he  up r igh t  p o s i t i o n  and al lowing f u e l  t o  f i l l  through the  
o u t l e t  p o r t ,  T h i s  r e s u l t e d  i n  some f u e l  vapor caused by f u e l  
f l a s h i n g  i n t o  t h e  vacuum. 
weight o f  t h e  source v e s s e l  du r ing  t ank  f i l l .  A t  t h e  completion 
o f  f i l l  o n l y  p r o p e l l a n t  l i q u i d  and vapor were i n  t h e  tank,  resul t -  
i n g  i n  a tank p r e s s u r e  o f  approximately 2 psia under ambient con- 
d i t i o n s .  
i n  t h e  t r a p  with consequsnt t r g p  performance degrada t ion .  
second technique used f o r  f i l ? l . n 3  involved o v e r f i l l  of  t h e  t ank  
and subsequent d r a i n  back t o  t h e  proper  load .  Th i s  sequence was 
accomplished by f i l l - n g  t h e  t ank  under a 1 atmosphere b l anke t  of  
n i t rogen  i n  t h e  u p r i g h t  p o s i t i o n  u n t i l  t h e  t ank  was completely 
f i l l e d ,  i . e . ,  l i q u i d  f u e l  flowed from t h e  g a s  i n l e t  p o r t ,  A t  
t h i s  t ime the  tank was i n v e r t e d  and l i q u i d  was flowed i n t o  the  
gas  i n l e t  p o r t  u n t i l  a l l  bubbles from the  l i q u i d  o u t l e t  p o r t  were 
removed. The tank was then  r o t a t e d  t o  the u p r i g h t  p o s i t i o n  and 
n i t rogen  was introduced a t  t h e  g a s  i n l e t  p o r t  t o  d r a i n  back t o  
the  c o r r e c t  load.  The q u a n t i t y  d ra ined  was c o l l e c t e d  i n  a re- 
c e i v e r  v e s s e l  on a s c a l e  t o  ddtermine proper  d r e - n  back. A s  a 
check, the p r o p e l l a n t  t ank  was weighed when empty and a g a i n  a f t e r  
f i l l ,  The d e s i r e d  load was 51.03 l b  and t h e  amount loaded was 
50.70 1b which i s  well  w i t h i n  t h e  loading accuracy r e q u i r e d .  

Load was determined by checking t h e  

This technique could r e s u l t  i n  f u e l  vapor being h e l d  
The 

Under t h i s  load c o n d i t i o n  the  t ank  was outflowed i n  t h e  
u p r i g h t  p o s i t i o n  and flow was observed i n  a s i g h t  glass, No gas 
flow was noteu and a f t e r  a flow of approximately 10 l b  of  f u e l  
t h e  tank >as i n v e r t e d  and -1 g outf low was a t t empted ,  Again a 
two-phase mixture was expe l l ed  wi th  al l rost  t he  same t o t a l  l i q u i d  
weight t h a t  had been expe l l ed  using t h e  vacuum loading t t -hn ique .  

A s  a resu l t  o f  t h e  s p e c i a l  t e s t i n g  accomplished on the  
f u e l  tank du r ing  the  completion of  Phase 11, i t  was decided thac  
t h e  o v e r f i l l  loading technique would be used on t h e  module f u e l  
tank.  I n  t h i s  way s i n g l e  phase l i q u i d  outf low t o  t h e  engine w i l l  
be assured even though -1 g outf low w i l l  not  be at tempted a s  a 
part of  t h e  f i r i n g  sequence, 
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Upon completion of the expulrion tertr ,  the f u e l  tank was 
decontaminrted and then c u t  i n  two a t  the g i r t h  weld. Af te r  clcan- 
iq, the  lower half containiag the  rcreen t r a p  (Pig. V-l9), was 
rubjected to  a leak and bubble teat .  The weld j o i n t  proved t o  be 
i n t a c t  and t he  f i r r t  l eak  appeared ac t he  ou te r  row of  r i v e t s ,  
where the  t i tanium i r  r ive ted  to the  r t a i n l e r s  steel t r a p  (see 
arrowr, Fig. V-20). 
The rcreen s t a r t e d  bubbling a t  8 i n .  of B& prer rure  a t .  the sand- 
wlch connection edge and through the rcreen. 

Thir l eak  s t a r t e d  a t  5 i n .  of H& pressure.  

The screen t r a p  was then separated from the  tank ha l f  and 

Leaks 
a hole d r i l l e d  i n  the  upper p l a t e  t o  permit gas pressure in jac-  
t i oa .  The t r a p  u n i t  was then subjected to a bubble check. 
s t a r t e d  a t  the  c losure  p l a t e  r ive t ed  connection (Fig. V-3) a t  l# 
i n .  of E@ pressure.  

The above test ind ica t e s  that  the  screen t r a p  was func- 
t ion ing  properly although the  bubble poin t  was lower than when 
ins t a l l ed ;  therefore ,  s o m e  o the r  f a c t o r  w a s  responsible for the 
two-phase flow indicated earlier. 

An examinaticn of the t r a p  and tank assembly indicated 
that there  w a s  a suspect area, namely, the  flow area between the 
saaller diameter 5ase of  the cone frustum and the  tank w a l l .  It 
appears t h a t  on fabr ica t ion ,  t h i s  area was slnsller than had been 
an t ic ipa ted  due to shop tolerances.  I f  t h i s  area should  provide 
a r e s t r i c t i o n  i n  excess of the  bubble point  of the t r a p  closure 
p l a t e  r -ve ts  (l# in .  of H@) then the two-phase flow would indeed 
occur. 

To test t h i s  theory, accurate  measurements were made of 
the  tank and t r a p  (see Appendix A) and ca l cu la t ion  showed that 
the  pressure drop a t  rated flow was equivalent  t o  2.663 i n .  of 
€I& pressure.  
breakdown of the t r a p  a t  the  closure p l a t e  r i v e t s .  

Therefore, --phase flow would occur due t o  a 

2.  Pressure Renulator 

The results of the p o s t s t e r i l i z a t i o n  res ts  on the pressure 
regulator  showed that the  regula t ion  c h a r a c t e r i s t i c s  were sub- 
s t a n t i a l l y  the &me as those exhibi ted a t  the mids t e r i l i za t ion  
point ,  %.e., the regula t ion  band was approximately 15 ps ig  below 
the spec i f ica t ion  value. '=his indicated t h a t  the s h i f t  i n  regu- 
l a t ion  band t h a t  occurred during the  f i r s t  set of six s t e r i l i z a -  
t ion  cycles  did not Trogress measurably dur ing- the  second s i x  
cycles .  
a f ac to r  of four over the  t n '  

zat ion funct ional  t r  r t .  * .  

exercis ing the regul:. h* 

The i n t e r m i  leakage of the  regulator  had increased by 
oht:tined during the  rn tds te r i l i -  

. , i6ti rate did not change a f t e r  
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Tear down of t h e  u n i t  s t a r t e d  a t  t h e  square f l a n g e  ho ld ing  
t h e  i n l e t  tube and f i i t e r  t o  t h e  mnin body. 
qu i r ed  very low torque t o  loosen (approximately S-in. - lb) .  

The f o u r  screws re- 

The f i l t e r ,  Fig. V-21, showed some accumulation of  d i r t  on 
t h e  upstream s i d e ,  b u t  t h i s  was no t  excess ive .  

The area i n s i d e  t h e  u n i t  i n  t h e  v i c i n i t y  of t h e  poppet was 
h e a v i l y  c c r t e d  w i t h  moisture. 

The tungsten c a r b i d e  b a l l  poppet,  Fig. V-22, was coated with 
oxide.  
5 r i g h t  as were the s l i d i n g  areas a long  t h e  poppet gu ide .  Several  
o t h e r  b r i g h t  areas (see arrows) around t h e  seat c c n t a c t  i n d i c a t e d  
a probable  contaminant rubbing of  t h e  ox ide  c o a t .  
cauld be seen i n  t h e  seat area a t  t h i s  time. 

The c o n t a c t  area of t h e  s t a i n l e s s  s teel  poppet seat was 

No contaminants 

The low torque r e q u i r e d  t o  loosen t h e  square f l a n g e  ho ld ing  
screws i n d i c a t e s  a r e l a x a t i o n  of  the ho ld ing  f o r c e  du r ing  steri- 
l i z a t i o n  cyc l ing .  
l e a k  a t  t h i s  p o i n t  i n  t h e  p o s t s t e r i l i z a t i o n  t e s t i n g .  
mended t h a t  f u t u r e  des igns  i n c o r p o r a t e  a n  inc reased  number of 
holding screws t o  s i x  or e i g h t ,  and/or  change t h e  hard seat cone 
seal t o  a f l a t  f l a n g e  wi th  a spr ing-loaded metallic seal (K-type 
seal). 

This was probably t h e  cause o f  the e x t e r n a l  
It is recom- 

The presence of moisture i n s i d e  t h e  u n i t  aod the b r i g h t  s p o t s  
a long the  poppet seat con tac t  i n d i c a t e s  t h a t  contaminants could 
have damaged t h e  body seat and are r e s p o n s i b l e  Lor t h e  h ighe r  i n -  
ternal l eak .  Future  d e s i g n s  may cons ide r  a downstream f i l t e r  t o  
trap back flow contaminants and/or  e x e r c i s e  c a r e  i n  system blow- 
down procedure to assure complete p r e s s u r e  r e l i e f  on t he  down- 
s t resm s i d e .  

A c o r r e c t i v e  a c t i o n  f o r  t h e  s h i f t  in pressure band is  d i s -  
cussed i n  Sec t ion  A o f  t h i s  c h a p t e r ,  
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3.  Solenoid Valve 

There was no measurable change i n  the  performance of the 
solenoid valve; however, the d i e l e c t r i c  s t rength  of the solenoid 
c o i l  showed degradation during the l a s t  six hea t  s t e r i l i za t ion  
cycles.  Moisture may have had condensed in s ide  the potted area 
since the valve i s  not hermetical ly  sealed.  To check t h i s  theory 
the u n i t  was placed i n  a vacuum oven a t  a pressure of 24 i n .  of 
Hg below l o c a l  ambient and a temperature of  2S0°F f o r  a t o t a l  
period of 32 h r .  Af te r  cooling down to  room temperature, t he  
u n i t  s t i l l  indicated about 22 microamps t o  500 vac. 
discovered t h a t  the  measuring inrtrument was i n  e r r o r .  A small 
c i r c u i t  breaker i n  t h e  instrument w.6 opening a t  22 microamps 
and the instrument could not  read above t h i s  po in t .  The u n i t  
was then r e t e s t ed  on a hi-pot-type instrument. 
approximately 500 microamps leakage cur ren t  a t  500 vac, as shown 
i n  Table V-4. This increase i n  leakage curren t  i nd ica t e s  a very 
d e f i n i t e  degradation i n  d i e l e c t r i c  s t rength .  

It was then 

This tes t  shows 

The u n i t  was sent  t o  the  vendor f o r  disassembly and f a i l u r e  
ana lys i s .  
Pin A o r  Pin B t o  case, the  in su la t ion  r e s i s t ance  w a s  less than 
1 megohm. 
was 22 ohms, which i s  the  nominal requirement. 

When t e s t ed  by the  vendor with 500 vdc applied from 

The r e s i s t ance  from Pin A to Pin B (through the c o i l )  

The u n i t  was then disassembled, while measuring the insula-  
t i o n  r e s i s t ance  a t  each s t ep ;  namely, a f t e r  connector p la te  screws 
were removed, a f t e r  connector was removed, a f t e r  po t t ing  compound 
was removed, and a f t e r  the  s h e l l  was removed. The in su la t ion  
res i s tance  and c o i l  res i s tance  relcrined r e l a t i v e l y  constant 
throughout the disassembly process.  

The in su la t ion  on the  outs id2  of the  c o i l  winding was charred 
black (Fig. V-23). The magnc: wire used f o r  the c o i l  w a s  No. 27 
s ingle  Formvar. Accordins t o  the Bridgeport Insulated Wire Com- 
pany's catalog,  the ra ted  temperature l i m i t  f o r  Formvar insu la-  
t i on  i s  221°F. The vdrnish used i n  w e t  winding the c o i l ,  T r i  
Var No. 116, is  also rated a t  221OF. 

Any fu tu re  design should be spec i f i c  i n  c a l l i n g  out  a Teflon- 
coated wire in su la t ion  or some o ther  high temperature-type in-  
su la t ion  t h a t  i s  d e f i n i t e l y  su i t ab le  f o r  extended exposure t o  
s t e r i l i z a t i o n  temperatures. Coi l  impregnation, c o i l  wrappings, 
and pot t ing  compounds must a l s o  be included i n  t h i s  high tem- 
perature  category. 
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The va lve  was reassembled using t h i n  (0,010 in.) Teflon gaske t s  
on each su r face  of  the s o f t  a l u m i n u m  g a s k e t .  Although leakage was 
decreased cons ide rab ly ,  i t  was not e l i m i n a t e d ,  I n  a d d i t i o n  the  
Teflon s h e e t  was extruded from between the  aluminum washer and 
t h e  va lve  body and t h e  va lve  cap ,  Th i s  e x t r u s i o n  p rocess  would 
probably cont inue u n t i l  v i r t u a l l y  no Teflon remained b e t w e n  the  
metal  s u r f a c e s .  A t  t h a t  time t h e  s e a l  loading would be equal  t o  
t h e  compressive y i e l d  s t r e n g t h  of t he  Te f lon .  With h e a t i n g  and 
coo l ing ,  t h i s  s e a l  load would be reduced u n t i l  t he  seal  would be 
i n e f f e c t i v e .  

Two o t h e r  approaches were t r i e d  a s  shown i n  F ig .  V-28(b) and 
( c ) .  Soft  aluminum s e a l s  w i th  s i n g l e  and double s e r r a t i o n s  and a 
combination O-ring and aluminum spacer  r i n g  were used. The a l u -  
minum s e a l s  w i th  s e r r a t i o n s  d id  not  so lve  the  problem because of  
t h e  su r face  f i n i s h e s  involved.  The covbinat ion O-ring and space r  
r i n g ,  however, proved t o  be t i g h t  under hatid to rques .  Several  
i n s t a l l a t i o n s  were t r i e d  i n  two d i f f e r e n t  t e s t  a n i t s  wich no l eak -  
age de t ec t ed  i n  e i t h e r  c a s e .  The =lalves were soaked i n  an oven 
a t  approximately 250'F f o r  24 h r ,  followed by a mass spectrometer  
l e a k  check us ing  helium a t  950 p s i g .  There was no i n d i c a t i o n  of 
l eakage ,  The Viton ru5Ser O-rings were good f o r  o p e r a t i n g  tern- 
p e r a t u r e s  up  t o  400'r'. This  m a t e r i a l ,  whi le  no t  completely com- 
p a t i b l e  with the  p r o p e l l a n t s ,  resists a r t a c k  of both o x i d i z e r  and 
f u e l .  It was decided t h a t  t h e  module u n i t s  would be modified t o  
use the  O-ring seal because the  stem cap s e a l  i s  a secondary s e a l  
a n d  a t  worst  would see  d i l u t e  p r o p e l l a  : vapors .  

An a d d i t i o n a l  problem involved leakage from the  stem packing 
.tat lock dev ice ,  F i g .  V-28(c). 
a nylor. plug backed up by a s e t  screw. During the  stem cap s e a l  
t e a t s  t 3 i s  lock f r e q u e n t l y  leaked.  A s  a repair  f o r  t he  two v a l v e s  
i n  ; e s t ,  a Tefson plhg was c u t  and i n s t a l l e d  wi th  the  se t  screw. 
The Screw was torqued i n t o  the  body u n t i l  i t  was w e l l  below t h e  
e x t e r n e l  body t h r e a d s .  The c a v i t y  behind (on t he  o u t s i d e  o f )  t h e  
s e t  screr.7 was packed wi th  Devcon WR. Devcon WR i s  a suspension 

< f metal p c r t i c l e s  i n  a n  epoxy resin and i s  g e n e r a l l y  used as  
metal  patchiris compound. Although the  epoxy r e s i n  i s  probably 
not compatible W l i 5  e i t h e r  the f u e l  o r  o x i d i z e r ,  i t  was u s e d  be- 
cailse of t h i s  p a r t i c u l a r  a p F l i c a t i o n .  The a r e a  of  p o s s i b l e  con- 
t a c t  i s  the  c l ea rance  a r e a  between the s e t  screw th reads  and t h e  
va lve  body, 
vapor and a i r  trapped i n  t h e  cap volume would con tac t  t h e  m a t e r i a l .  
Although some degrada t ion  might t ake  place a t  t h e  s u r f a c e ,  com- 
p l e t e  breakdown i s  not a n t i c i p a t e d .  Th i s  mc+if icat ion proved 
adequate f o r  the t e s t  u n i t s  and was a l s o  added t o  the  module 
v a l v e s ,  

Th i s  locking dev ice  c o n s i s t s  of 

I n  a d d i t i o n  on ly  a d i l u t e  mixture  ol: p r o p e l l a n t  
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6 ,  Drdnance Valve 

There was no change i n  t he  performance ( i , e , ,  leakage char-  
a c t e r i s t i c s )  of  t h e  ordnancn v s l v e  a f t e r  exposure to  the 12  s t e r -  
i l i z a t i o n  c y c l e s .  The va lve  e x h i b i t e d  zero i n t e r n a l  and e x t e r n a l  
leakage when checked wJ'h the helium mass spectrometer  l e a k  de- 
t e c t o r .  Following the leakage t e s t s ,  the  normally-closed po r t ion  
of t he  va lve  <as f i r e d  open w i t h  the  same squib which had been 
exposed t o  a l l  s t e r i l i z a t i o t ,  tes ts  i n  the  v a l v o .  The p r e s s u r e  
drop of t h e  valva was then measured a t  t h e  design :ondi t ions f o r  
t he  propuls ion module p re s su ran t  gas  s u p p l y  a t  t h e  p r o p e l l a n t  
t a n k s ,  Following the flow c a p a c i t y  t e s t ,  t he  normally-open sec-  
t i o n  of  t h e  va lve  was f i r e d  closed f o r  the f i n a l  leakage t e s t ,  
I n t e r n a l  leakage was aga : z e r o ;  however, e x t e r n a l  leakage of  
helium a t  the i n l e t  f l ange  mechanical s e a l  had inc reased  from 
zero t o  7.3 x 10 s c c / s e c .  

The f langed j o i n t  of t h e  u n i t  was disassembled,  The t h r e e  
ho ld ing  screws r equ i r ed  cons ide rab le  torque t o  loosen. The a l c -  
minum gasket  showed a good impr in t  o f  t he  c i r c u l a r  r i d g e s  and was 
spread o u t  t i g h t l y  a g a i n s t  t he  body s e c t i o n ,  

The e x t e r n a l  leakage i n d i c a t e d  a t  t h e  f l ange  j o i n t  du r ing  
p o s t f i r i n g  t e s t s  can o n l y  be a t t r i b u t e d  to  c l o s i n g  f o r c e s  of  t he  
squ ib  a c t u a t o r .  Fc;ture design o r  a p p l i c a t i o n  should inco rpora t e  
a welded tube des ign  as t h i s  i s  the o n l y  t r u l y  hermetic  s e a l .  A t -  
tempts t o  design a hermetic  b o l t e d  s e a l  alka1:s pJses proolems of  
d i f f e r e n t i a l  expansion between d iss imi la r  flanc,ss ind s e a l s .  In 
t h i s  case an aluminum f l a n g e  was bo l t ed  t o  s t i taniuni  f l a n g e  w i t : .  
s t a i n l e s s  s t e e l  machine screws and t h e  s e a l  was al.ilmln~rn o f  a 
d i f f e r e n t  a l l o y  from t h a t  o f  t he  aluminum f l a n g e .  
s i m i l a r  m a t e r i a l s  a r e  used, t h e r e  i s  a problem 02 hea t  s i n k ,  and 
when t r a n s i e n t  temperatures  a r e  involved,  t h e r e  can s t i l l  be a 
d i f f e r e n t i a l  movement u n l e s s  t he  masses and exposed a r e a s  a r e  
e x a c t l y  a l i k e  

Eveii zhos 

7 .  Thrust  Chamber Valves 

In g e n e r a l ,  the  performance o f  the t h r u s t  chamber v a l v e s  was 
not: adve r se ly  a f f e c t e d  by t h e  s t e r i l i z a t i o n  s e r i e s .  A minor devl-  
at . ion was noted i n  t he  response time, which increased by 1 t o  2 
msec, a l though t h - r e  was a s l i g h t  dec rease  i n  t he  p u l l - i n  v o l t -  
age .  T h i s  would i n d i c a t e  t h a t  i n t e r n a l  f r i c t i o n  had not  i n c r e a s e d ,  
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F. RELIABILITY EVALUATION 

A r e l i a b i l i t y  estimate was porformed on t h e  system. The 
gene r i c  f a i l u r e  r a t e s  were based on Mart in  Marietta d a t a .  The 
c a l c u l a t i o n s  were divided i n t o  two major phases, launch and c r u i s e ,  
and b u m  (Table V-12). 

The launch ar.d c r u i s e  phase has  a d u r a t i o n  of  6500 h r .  Two 
modes are considered du r ing  t h i s  phase and are weighed d i f f e r e n t l y .  
Tanks and a s s o c i a t e d  hardware are considered semi-operat ional  f o r  
t h e  e n t i r e  du ra t ion ,  while  the remainder 02 t h e  system i s  i n  a 
completely dormant mode. A f a c t o r  of 0 .1  x G is app l i ed  t o  t h e  

f i r s t  cacegory, and 0.01 x S f o r  t h e  second. 
FR 

FR 

The burn ias ts  approximately 300 sec and t h e  s t anda rd  f a c t o r  
of 1000 x GFR is  app l i ed  f o r  t h i s  phase. 

Review of hardware problems experienced du r ing  t h e  component 
s t e r i l i z a t i o n  and tes t  procedures revealed no evidence t h a t  any 
s i g n i f i c a n t  degradat ion of system performance shoi!ld be assess 1 
t o  s t e r i l i z a t i o n .  The sample s i z e  p r o h i b i t s  d e f i n i t z  conclusion: 
concerning the dynauik e f f e c t  of h e a t  s t e r i l i z a t i o n  on t h e  system. 
Ins t ances  of material changes were i d e n t i f i e d  and f u r t h e r  t e s t i n g  
would be r equ i r ed  t o  e s t a b l i s h  t h e  l i m i t s  of s h i f t  ranges.  Addi- 
t i o n a l  t e s t i n g  would a l s o  be r equ i r ed  t o  v a l i d a t e  p e r t i n e n t  f i x e s  
p i e sc r ibed .  It appears  t h a t  s o l u t i o n  of t h e  problems documented 
would exclude t h e s e  as r e l i a b i l i t y  r i s k s  i n  f u t u r e  ope ra t ion .  
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. 0 

Launch and Burn 
6 Cruise Phase, Phase Tot a1 

6500 hr (0.083 hr) Mission Re l iab i l i ty  GpR/10 Components (Quantity) 

Propellant Diaphragm 1 .5  .!I01950 .000246 .002196 .997804 
Tank (2) 

N 2  Storage Tank 0 .18  .000117 .000015 .000132 .999868 

Press Regulator G . 7  .000046 .000058 .000103 .999895 

Filter (3) 0 .04  .000008 .000009 .000017 .999983 

Ordnance Valve 1000 -- -- .OW0 .995000 
N.C. ( 5 )  

.000050 .999950 Ordnance Valve lo 
N.O. ( 5 )  

Thrust Chamber 2.27 .000295 .000374 .000669 .999331 
Valves (2) 

Orif i c e  Assembly (2) 0 .01  .000001 .000002 .000003 .999997 

T e s t  Point (7) 0 .01  .000046 .000006 .000052 .999948 

Lines and Fi t t ings  0 .1  .000065 .000008 .000073 .9CQ927 

Structure 0 .001  -- -- -- .999999 

Total System .991581 

-- -- 

t 
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VI. SYSTEM ASSEMBLY AND TEST 

A .  SYSTEM FABRICATION AND ASSEMELY 

VI-1 

This phase of the program involved the fabrication, assembly, 
checkout, and test of the complete propulsion system. Fabrica- 
tion and assembly were separate steps. 
building the structural truss (Fig. 111-3), component mounting 
brackets, and other structural pieces. Assembly consisted of 
the mounting of supplier components on the truss, tubing develop- 
ment, and welding and checkout of the completed system. The 
assembled module is shown in Fig. VI-1. 

Fabrication consisted of 

During assembly, numerous leak checks were made to avoid any 
significiint disassembly for repair. The leak check criterion 
was severe for the hermitically sealed portions of the system. 
The fuel storage system, the oxidizer storage system, and the 
pressurant gas storage system were leak checked using a helium 
?ass spectrometer'. 
set- D f  helium at each system maximum operating pressure. 
leakage criterion for the remainder of the system, which included 
the propellant feed systems, the engine, and the pressurant gas 
feed system was less severe. In this case, bubble tightness at 
maximum operating pressure csing gaseous nitrogen was the require- 
ment. 

No leak should be greater than 1 x LO-" scc/ 
The 

There was no difficulty in making the system leak tight. The 
functional tests were completed before module sterilization. The 
baseline functional tests were performed on the module solenoid 
(GN, loading) valve, the two thrust chamber valves, and the pres- 
sure regulator as stipulated in the test plan. The results in- 
dicated that the solenoid valve and the thrust chamber valves 
were performing satisfactorily. The pressure regulator exhibited 
excessive ir.;ernal leakage and low pressure regulation. The 
leakage value was 68 sec/hr of GN, compared to the allowable 
;ralue of 10 sec/hr. 
245 psig compared to the allowable of 248 5 5 psig. 
was returned to the supplier for repair and adjustment so the 
sterilization exposure would be initiated with the regulation 
Sand in the required limits. The supplier's investigation re- 
vealed a scratch mark in the regulator valve seat, presumably the 
result of passage of a foreign part-cle. 
repaired, and the regulation spring was heat-treated at 325°F for 
24 hr at its working stress level to obviate the set-point deg- 
radation exhibited by the component test regulator. 

Further, the regulation pressure was 241 to 
The regulator 

The regulator seat was 
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The id l e t  tube of the  repaired regulator  was indexed i n -  
cor rec t ly .  Therefore, the i n l e t  f lange and tube assembly were 
removed i n  the Class 100 clean room and r e i n s t a l l e d  i n  the cor rec t  
posi t ion.  r'ol-lowing i n s t a l l a t i o n  i n  the module, the  p r e s t e r i l i e a -  
t i on  funct ional  tests were conducted. The r e s u l t s  of the func- 
t i ona l  test  showed t h a t  the regula t ion  band was wi th in  spec i f i ca -  
t i on  limits; however, the  i n t e r n a l  leakage was again i n  excess 
of the  allowable leakage (14.5 scc /hr ,  compared t o  the  allowable 
10 scc /hr ) .  

Before the  i n s t a l l a t i o n  and funct ional  test ,  the  f a c i l i t y  
GN2 supply and exhaust i n t e r f aces  a t  the  module serv ice  panel 
were equipped wi th  S-micron nominal f i l t e r s  t o  pro tec t  the  regu- 
l a t o r  from contaminant particles i n  the supply gas and a l s o  from 
possible  backflaw of e f f luen t  GN,. 

The performance of the pressure regula tor  w a s  judged adequate 
f o r  the desired performance of the  module; therefore ,  no fu r the r  
t e s t i n g  was done. 

B. SYSTEM TEST FIXTURES 

The f i n a l  proof of success of module s t e r i l i z a t i o n  was a s y s -  
t e m  hot f i r i n g .  I n  the case of an  ac tua l  spacecraf t ,  system 
checkout or funct ional  t e s t i n g  would probably not be possible  
a f t e r  s t e r i l i z a t i o n  and before  system usage. I n  tho case of the 
test  system, assurance was required t h a t  c r i t i c a l  components were 
funct ional  before  the f i r i n g .  To accomplish t h i s ,  spec ia l  tes t  
f i x t u r e s  were required.  Cri t ical  components were considered t o  
be the  module regula tor ,  the solenoid valve,  and the en j ine  t h r u s t  
chamber valves.  
s idered t o  be c r i t i ca l  components , they could not be func t iona l ly  
checked because of t h e i r  s ing le  usage capab i l i t y .  

Although the system ordn.ince valves  were con- 

The test f i x t u r e  used fo r  the  regula tor  funct ional  t e s t  i s  
shown schematically i n  Fig. VI-2. This system provides an u l lage  
for  the regulc tor  t o  operate  on along with a l l  per t inent  i n s t r u -  
mentation necessary fo r  performance measurement. Gas is  in -  
troduced upstream of the module l i n e  f i l t e r ,  passes through the 
f i l t e r  and regu:ator and e x i s t s  t o  the t e s t  f i x t u r e  j u s t  down- 
stream of the  regula tor .  
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For the solenoid valve the funct ional  t e s t  consis ted of open- 
ing and c los ing  the valve.  
NW i n  Fig. VI-2 .  With the l i n e  hand valve (NVHV) closed the  
opening of NW r e s u l t s  i n  ni t rogen tank pressure showing on Pnt. 

NVV was then closed and NVHV opened with Pnt re turn ing  t o  zero.  

Functional t e s t i n g  of the t h r u s t  chamber valves (Fig. V I - 3 )  
involved a response and i n t e r n a l  and ex terna l  leakage t e s t .  
Nitrogen gas was introduced a t  250 psig upstream of each valve 
and three valve ac tua t ions  were made, 
then i n s t a l l e d ,  and i n t e r n a l  and ex terna l  l eak  tests were con- 
ducted. External leakage involved bubble checking a l l  j o i n t s  i n  
the feed systems and t h r u s t  chamber valves.  In t e rna l  leakage con- 
s i s t e d  of a t tach ing  a tube t o  the  engine throa t  plug and conduct- 
ing a water displacement t e s t .  

The solenoid valve i s  indicated as 

The engine th roa t  plug was 

After  completion of the func t iona l  tests, the tes t  f i x t u r e s  
were disconnected from the module por t s  and the por t s  were capped. 
The systqa was then ready fo r  the f i r i n g  sequence. 
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C, TEST METHOD 

V I  -7  

The propuls ion module t e s t  method was b a s i c a l l y  def ined by 
the  Component and System Test Plan, MCR-67-20. I n  a d d i t i o n  t o  
the  plan,  d e t a i l e d  procedures were w r i t t e n  t o  cover each sequence 
of  module usage or  t e s t .  Procedures w r i t t e n  s p e c i f i c a l l y  f o r  t h e  
module are: 

1 )  Propuls ion module asselnbly; 

2 )  Propuls ion module i n s t a l l a t i o n  and removal; 

3)  F i r i n g  t e s t ;  

4 )  Module p r o p e l l a n t  l oad ing .  

Each procedure i s  complete and provides  s t ep -by- s t ep  d i r e c -  
t i o n .  Lists of necessary equipment and in s t rumen ta t ion  sre  pro- 
vided along w i t h  a blank f o r  s i g n o f f  of each s t e p  by t h e  t e c h -  
n i c i a n .  Decontamination and hea t  s t e r i l i z a t i o n  was covered by a 
procedure w r i t t e n  t o  cover g e n e r a l  o p e r a t i o n  of t h e  chamber and 
was a p p l i c a b l e  t o  both t h e  components and t h e  assembled module. 

D . DECONTAMINATION AND STERILIZATION 

A f t e r  module assembly and checkout,  p r o p e l l a n t s  were loaded. 
P r o p e l l a n t  q u a n t i t i e s  were measured by weighing the  source con- 
t a i n e r s  be fo re  and a f t e r  loading.  The amount of f u e l  and o x i -  
d i z e r  loaded was 51.9 lbm and 84.5 lb,, r e s p e c t i v e l y .  The f u e l  

tank was loaded by an o v e r f i l l  technique t o  e l i m i n a t e  entrapment 
of a bubble i n  t h e  f u e l  tank t r ap .  Th i s  c o n s i s t e d  of l oad ing  t h e  
f u e l  tank i n  t h e  u p r i g h t  p o s i t i o n  through t h e  l i q u i d  p o r t  u n t i l  
l i q u i d  f u e l  was expe l l ed  from t h e  g a s  p o r t .  The module was then 
inve r t ed  and l i q u i d  f i l l i n g  was resumed through t h e  gas  p o r t  u n t i l  
a l l  gas bubbles were expe l l ed  from t h e  l i q u i d  p o r t .  The module 
was then r e tu rned  t o  t h e  u p r i g h t  p o s i t i o n  and n i t r o g e n  gas  was 
introduced i n t o  t h e  gas  p o r t  t o  d r a i n  back t o  t h e  c o r r e c t  l oad .  

The o x i d i z e r  tank was then loaded w i t h  the module i n  t h e  up-  
r i g h t  p o s i t i o n  using a vacuum load technique.  The gas  in1 i . t  p o r t  
was evacuated, followed by evacuat ion of t he  l i q u i d  o u t l e t  p o r t .  
While holding the  vacuum on t h e  gas  i n l e t  p o r t ,  o x i d i z e r  was 
introduced a t  t he  l i q u i d  o u t l e t  p o r t  u n t i l  t h e  proper q u a n t i t y  
was loaded. 
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A f t e r  loading,  t h e  module was i n s t a l l e d  on t h e  s t e r i l i z a t i o n  
chamber l i d  and the  in s t rumen ta t ion  and s a f e t y  packages were 
connected. A f i n a l  l eak  check of  t h e  systems was conducted and 
a l eak  was found a t  t h e  o x i d i z e r  tank o u t l e t  ordnance va lve .  A 
vapor l eak  was noted a t  the  va lve  crush &aslr.et f l a n g e ,  Recommended 
torque of t h e  screws on t5is f l ange  was 4 0  i n , - l b  a l thouah  30 i n . -  
l b  had been used-because of the hea t  s t e r i l i z a t i o n  environmeni. 
A t  275'F the  s t r e n g t h  of t h e  aluminum f l ange  d rops  t o  t h e  po in t  
where t h e  tapped h o l e s  f o r  t h e  f l a n g e  screws were nea r  t h e  y i e l d  
po in t  under t h e  load c rea t ed  by t h e  800 psia o x i d i z e r  vanor pres- 
sure. A t  t h i s  time i t  was decided t o  use longer  screws -Lth n u t s  
a t  t h e  p re sc r ibed  40 i n . - l b  of torque.  The screws were r ep laced  
i n  a l l  f i v e  ordnance va lve  f l anges  one a t  a time without  f l a n g e  
disassembly o r  replacement of t h e  g a s k e t s .  For t h i s  o p e r a t i o n ,  
p r o p e l l a n t s  were n o t  unloaded al though t h e  gas v e s s e l  n i t r o g e n  
p r e s s u r e  was reduced t o  1 atmosphere. While t h e  new screws and 
n u t s  were torqued, t he  f l anges  bottomed ou t  ( t h i s  was no t  t h e  
case a t  30 i n , - l b ) .  A f i n a l  l eak  check i n d i c a t e d  no f u r t h e r  
leakage. 

As t h e  f i n a l  item of p repa ra t ion  of t he  module f o r  decontam- 
i n a t i o n  and s t e r i l i z a t i o n  t e s t i n g ,  t h e  module hand s h u t o f f  va lves  
were equipped w i t h  stem cap seals. The stem lockscrew h o l e s  were 
f i l l e d  on t h e  o u t s i d e  of  t he  lockscrew w i t h  the  Devcon WR epoxy 
r e s i n .  Af t e r  opening t h e  r equ i r ed  va lves  t o  admit t h e  p r o p e l l a n t  
tank pressure t o  t h e  p r e s s u r e  t r ansduce r s  and s a f e t y  package, t h e  
stem caps were i n s t a l l e d  and torqued t o  the  SO i n .  -1b s p e c i f i c a -  
t i o n  v a l u e .  

The i n s t a l l a t i o n  of t h e  propuls ion module i n  t h e  decontamina- 
t i o n / s t e r i l i z a t i o n  chamber i s  shown schematical  l y  i n  Fig.  V I - 4 .  
The module f u e l  tank was connected so t h a t  t h e  tank could be 
p re s su re  drained i f  uncon t ro l l ed  decomposition of t h e  MMH occurred 
by o p e r a t i n g  remotely c o n t r o l l e d  v a l v e s .  

The f i r s t  c y c l e  of t h e  r equ i r ed  s i x  e thy lene  oxide decontam- 
i n a t i o n  cyc le s  was s t a r t e d ,  bu t  was abor t ed  s h o r t l y  a f t e r  t he  
26-hr exposure period s t a r t e d .  This  a b o r t  was caused by a n  i n -  
a b i l i t y  t o  c o n t r o l  chamber temperature.  A f t e r  a s e r i e s  of  check 
r u m ,  t h e  prsblem of uncon t ro l l ed  h e a t i n g  of t h e  chamber was 
t r aced  t o  J o u l e  h e a t i n g  of  t h e  s t e r i l a n t  gas  by the  blower. I n  
a d d i t i o n ,  problems were encountered i n  t h e  r e l a t i v e  humidity 
c o n t r o l  and monitor ing systems. 
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During the  i n i t i a l  h e a t i n g  phase of  t h e  s e v e r a l  a t t empt s  a t  
the  f i r s t  cyc le ,  i t  became apparent  t h a t  t he  132°F water  supply 
temperature t o  t h e  chamber h e a t  exchanger was no t  h o t  enough t o  
maintain t h e  r equ i r ed  temperature a s c e n t  schedule .  Th i s  was 
a t t r i b u t e d  t o  the  thermal 1oc.d c r e a t e d  by t h e  propuls ion module, 
because the  chamber h e a t i n g  system had performed s a t i s f a c t o r L l y  
w i t h  132'F water  du r ing  t h e  q u a l i f i c a t i o n  t e s t s  (no t e s t  i tem 
i n  chamber). To accommodate the  thermal load of t he  module, t h e  
o p e r a t i n g  procedure was changed t o  perr i i t  o p e r a t i o n  of t h e  chambei 
water supply system a t  150°F d u r i n g  the i n i t i a l  1 .5 -h r  h e a t i n g  and 
humidity cond i t ion ing  phase. Since t h a t  phase o f  ,he t e s t  does 
not  involve t h e  u s e  of s t e r i l a n t  gas, t h e  s p e c i f i c a t i o n  c o n s t r a i n t  
of 132'F maximum h e a t e r  temperature  f o r  h e a t i n g  a s t e i - ' l an t  gas  
environment was no t  v i o l a t e d .  With t h i s  change the  f L L s t  c y c l e  
was completed without  i n c i d e n t .  Sone i n i t i a l  adjustinent of t he  
humidity c o n t r o l  system was requ i r ed  t o  ma in ta in  t h e  d e s i r e d  
range of r e l a t i v e  humidity (Alnor dewpoint) ,  A d a t a  h i s t o r y  of 
t he  f i r s t  ET0 c y c l e  i s  shown i n  F i g ,  VI-5. 

The second c y c l e  was s t a r t e d  approximately 3 h r  a f i e r  t h e  
f i r s t  c y c l e  was completed. Due t o  a procedural  o v e r s i g h t ,  t h e  
h e a t i n g  water  tempeaature was maintained a t  132°F i n s t e a d  of 
150'F; t h e r e f o r e ,  t h e  a s c e n t  t o  t h e  d e s i r e d  chamber temperature 
of  122OF requ i r ed  2.3 h r .  The balance of t h e  t es t  was completed 
wi thou t  s i g n i f i c a n t  i n c i d e n t .  Figure VI-6 shows t h e  chamber 
temperature r o s e  slowly t o  a maximum temperat,re of  130'F d u r i n g  
the l a t t e r  par t  of t h e  t e s t .  This  t:rr.;<rature r; .se  was caused by 
s e t t i n g  the  co ld  water  bleed flow a t  too low a 7 j u s t  b e f o r e  
the  period of unattended chamber o p e r a t i o n .  

S t e r i l a n t  gas  consumption due t o  chamber leakage remained i n  
t h e  range of 4 t o  5 l b l h r .  A u t l m t i c  c o n t r o l  of humidity was 
maintained throJghout  t h e  t e s t ,  a l t haugh  t h e  c o n t r o l  s e t  po in t  
was s l i g h t l y  h ighe r  than d e s i r e d ,  as from t h e  r e l a t i v e  humidity 
h i s t o r y .  A chamber gas  samp'e was taken d u r i n g  t h e  t e s t ;  however, 
t h e  sample con ta ine r  c a p a c i t y  $gas i n a l s q u a t e  f o r  effec".ve gurying 
of t he  Orsat a F a l y z e r ,  A 1a;ger c o n t a i n e r  was acqu i red  a f t e r  t h e  
second c y c l e  had been completed. 

The t h i r d  through s i x t h  c y c l e s  were completed wit!,out i n c i d e n t  
A sample of chamber gas  was taken du r ing  t h e  t h i r d  c y c l e .  The 
sample assayed a t  only 18% by volume e thy lene  o x i d i  (ETO) compared 
t o  the  s p e c i f i c a t i o n  v a l u e  of 27.3%. I n v e s t i g a t i o n  showed t h a t  
t he  sample temperature was such t h a t  t h e  vapor p re s su re  o f  ET0 
was very c l o s e  t o  t h e  2 2  psia p re s su re  of t h e  sample .  Tc o b t a i n  
assuraiice L h a t  t he  ET0 f r a c t i o n  was i n  the vapor s t a r e ,  i t  was 
decided t o  hea t  subsequent samples t o  120°F b e f o r e  conduction th-e 
Orsat  a n a l y s i s .  During the  f o r t h  c y c l e  a chamber gas  sample was 
taken and assayed a t  26.5% ET0 con ten t  by volume. 
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The chamber heat ing problem was a slow increase in  chamber 
temperature a t  a time when no heat ing water was being admitted 
to  the chamber. The possible  causes were thought t o  be an exo- 
thermic react ion of the ET0 with the water vapor, a react ic i l  be- 
tween the ET0 and possible undetected propel lant  vapor leaking 
from the module, the heat load introduced with the  132'F s t e r i l a n t  
gas makeup, or  the  Joule  heat ing by the chamber blower. 

A systematic s e r i e s  of t e s t s  was made t o  obtain an explana- 
t i on  of the uncontrolled temperature increase.  The series cu l -  
minated i n  a t e s t  i n  which a l l  chamber condi t ions were representa-  
t i v e  of a decontamination t e s t ,  except the  blower was turned off 
fo r  an extended period. The chamber temperature decayed slowly 
during t h i s  t es t ,  ind ica t ing  tnat the d i s s ipa t ion  of the blower 
ecergy was responsible fo r  the temperature increase.  

Although t h i s  phenomenon has not been r igorously analyzed, 
the  explacation i s  cred i ted  t o  the s i g n i f i c a n t  increase  i n  blawei- 
horsepower requir.ed when c i r cu la t ing  the r e l a t i v e l y  dense s t e r i -  
l an t  gas and the r e l a t i v e l y  low heat  capaci ty  of the  s t e r i l a n t  
gas. 
gas i n  the chamber. 

The phenomenon was not  observed when operat ing wi th  ni t rogen 

The problem was resolved by providing a continuous low flaw 
r a t e  of t a p  water (approximately 60°F temperature) i n t o  the cham- 
b e r  heat exchanger. 
g rea te r  r a t e  than t h a t  added by the  blower and provides pos i t ive  
cooling i n  tha t  the hot water cont ro l  valve would be requited t o  
open per iodica l ly .  This system had the adverse c h a r a c t e r i s t i c  of 
cooling a f r ac t ion  of tho chamber heat  exchanger below the dew- 
point causing cyc l i c  coiteensation and reevaporation of water. 
This cyc l i c  phenomenon was detected by an abrupt increase i n  :he 
output of rhe s e n s i t i v e  electrohygrometer c e l l  when the hot  water 
admission valve was opened. 
ing t h i s  phenomenon proved t h a t  the r e l a t i v e  humidity excursions 
did not exceed the desired bandwidth of 45 t o  55%. 

This water extracted hea t  a t  a s l i g h t l y  

Alnor dewpoint readings taken dur-  

Future cont ro l  systems for  the water supply system t o  the heat  
exchanger should incorporate a mixing cont ro l  valve.  This valve 
would provide water temperatures a t  the heat  exchanger ranging 
between the maximum of 132°F ( 5 5 O C )  and a minimum, which i s  a 
sa fe  margin above the dewpoint of the  chamber gas,  
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D i f f i c u l t i e s  encountered du r ing  t h e  f i r s t  decontaminat ion 
tes t  demonstrated t h a t ,  due t o  normal chamber leakage and p o s s i -  
b l e  h y d r o l y s i s  of t h e  e thy lene  oxide,  f r equen t  -.cater vapor i n -  
j e c t i o n  was requ i r ed .  It became apparent  that t h e  open-loop s y s -  
t e m  was f e a s i b l e  on ly  i f  a n  o p e r a t o r  was c o n s t a n t l y  monitor ing 
t h e  hygrometer ou tpu t  s i n c e  a t t e m p t s  a t  s t e a d y - s t a t e  i n j e c t i o n  
of  water vaper were unsuccess fu l .  During t h e s e  attempts,  how- 
e v e r ,  s u f f i c i e n t  c o r r  c ion between t h e  recorded ou tpu t  of t h e  
e 1 e c t r oh y g r  ome t er a ,- -' Alnor dewpoint r e a d i n g s  was obtained 
t o  p e r m i t  i n s t a l l a t i o n  of a c o n t r o l  microswitch on t h e  hygrometer 
ou tpu t  r e c o r d e r .  The func t ion  of t h e  microswitch was t o  open t h e  
superheated steam i n j e c t i o n  va lve  whenever the hygrometer ou tpu t  
dropped t o  midscale on t h e  r eco rde r  and t o  r e c l o s e  t h e  va lve  as 
soon as t h e  hygrometer output  s i g n a l  responded w i t h  a n  increase 
i n  s i g n a l  on t h e  r eco rde r .  A metering va lve  was i n s t a l l e d  i n  t h e  
steam i n j e c t i o n  l i n e  t o  c o n t r o l  t h e  time c o n s t a n t  of  t h e  system 
t o  prevent  excess ive  excursions i n  r e l a t i v e  humidity.  

The alltomatic c o n t r o l  of r e l a t i v e  humidity which evolved i n  
t h e  above manner proved t o  be e n t i r e l y  s a t i s f a c t o r y  through T e s t s  
2 t h r u  6. Humidity c o n t r o l  w a s  completely automatic;  however, 
Alnor dewpoint r ead ings  were taken a t  1- t o  2-hr i n t e r v a l s  dur- 
i n g  t h e  day and evening work s h i f t s .  ALnor checks made on t h e  
mornings fol lowing unattended n i g h t  o p e r a t i o n  v e r i f i e d  Khat t h e  
hygrometer r e c o r d e r / c o n t r o l l e r  was e f f e c t i v e  i n  maintaining the  
r e l a t i v e  humidity w i t h i n  s p e c i f i c a t i o n  l i m i t s  w i t h  no o p e r a t o r  
a t t e n t i o n .  

When t h e  decontamination test series was completed, t h e  pro-  
pu l s ion  module was removed from t h e  chamber t o  change t h e  chamber 
t o  the  h e a t  s t e r i l i z a t i o n  conf igu ra t ion .  The module remained 
mounttcl i n  t h e  chamber l i d  and a l l  connect ions from the  module 
t o  t h e  p r e s s u r e  t r ansduce r s  and s a f e t y  packages remained und i s -  
turbed.  

Before s t a r t i n g  t h e  r equ i r ed  series of s i x  h e a t  s t e r i l i z a t i o n  
t e s t s ,  the  p re s su re  i n  t h e  module GN, s t o r a g e  tank was checked 
s i n c e  the  p r e s s u r e  was no t  monitored du r ing  decontamination or 
s t e r i l i z a t i o n  t e s t i n g .  The p res su re  i n  t h e  GN, tank decayed from 
t h e  o r i g i n a l  1550 p s i g  t o  1120 ps ig  over t h e  23-day decontamina- 
t i o n  t e s t  pe r iod .  The GN, leakage was t r aced  t o  i n t e r n a l  leakage 
through the  t ransducer  i s o l a t i o n  v a l v e  ( t e s t  equipment). Th i s  
valve permit ted i n s t a l L a t i o n  of  a p res su re  t r ansduce r  f o r  t h e  
f i r i n g  t e s t  a f t e r  t h e  decontamination and s t e r i l i z a t i o n  tes ts .  
It was decided t h a t  the module GN, loading ( so l eno id )  v a l v e  i n l e t  
p o r t  would be a s u i t a b l e  point  t o  use f o r  p re s su re  measurement 
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during the firing test; therefore, the transducer isolation valve 
and its cmnecting flared tubing were removed from the module. 
The module GN, tank was recharged to 1500 psig with GN,, then 
topped off to 1550 psig with helium as an aid in locating the 
source of any future leakage. 

Six heat sterilization cycles on the propulsion module were 
completed. Histories of the chamber temperature and propellant 
tank pressures for sterilization Cycles 1 and 6 are shown in 
Pig. V I - 7  and VI-8 for the constant-temperature exposure period. 
A11 cycles were completed without significant incident with the 
exception of an automatic chamber shutdrmn durink the latter part 
of Cycle 2. Shutdown was caused by a spurious signal from the 
chamber fuel vapor detector. 
hr after reheating the chamber a r l  permitting the propellant vapor 
pressures to attain preshutdown values. 

Cycle time was resumed at T + 67.5 

Pressure in the module GN2 tank was checked at 1540 psig after 
completion of sterili-ation Cycle 3 iJith the tank at room tempera- 
ture, thus indicating that the GN, system was leak free. 

PYessnJfe in the module fuel tank increased approximately 11 
psi during the six sterilization cycles, indicating very little 
fuel decomposition. Oxidizer tank pressures were as expected, 
averaging slightly over 800 psia during sterilization. 
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Fig. V I - 8  Dry Heat Sterilization, Cycle 6 
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E .  SYSTEM TEST FIRING 

After  completion of ET0 decontamination and h e a t  s t e r i l i z a -  
t i o n ,  t h e  module was ready t o  be moved t o  t h e  f i r i n g  s t a n d .  The 
prepara t ions  f o r  removing i t  from the  chamber requi red  t h a t  t h e  
hand va lve  p o s i t i o n s  be changed so t h e  s a f e t y  r e l i e f  va lve  capa- 
b i l i t y  could be t r a n s f e r r e d  from t h e  chamber t o  t h e  t r a n s p o r t a -  
t i o n  f i x t u r e .  The removal of t h e  hand va lve  caps, t o  f a c i l i t a t e  
tu rn ing  t h e  stem, was extremely d i f f i c u l t ,  r e q u i r i n g  s e v e r a l  
hundred foot-pounds of torque.  Examination of t h e  stem cap seal 
ind ica ted  a d e t e r i o r a t i o n  of t h e  Viton O-ring caused by vapors 
from e i t h e r  p r o p e l l a n t .  
apparent ly  aga in  exhib i ted  cold flow, as seen i n  t h e  component 
tes ts ,  a l lowing leakage from t h e  open v a l v e  through the stem 
area i n t o  t h e  cap s e a l  area. 

The s1em packing gland of Teflon had 

Af ter  t h e  module was i n s t z l l e d  i n  t h e  test  s tand ,  system and 
component f u n c t i o n a l  tests were completed. Performance t e s t s  of 
the  t h r u s t  chamber va lves ,  t h e  solenoid valve (GN, loading va lve)  
and the  GN, p ressure  r e g u l a t o r  were completed. During t h e s e  
tests a l i  systems c o n t r o l  w i r i n g  and ins t rumenta t ion  c i r c u i t s  
were v a l i d a t e d .  Fur ther ,  i t  was a s c e r t a i n e d  t h a t  t h e  p o s t s t e r i -  
l i z a t i o n  pressure  i n  t h e  n i t r o g e n  s t o r a g e  sphere was 1560 p s i g ,  
i n d i c a t i n g  no system leakage r e s u l t i n g  from t h e  s t e r i l i z a t i o n  
exposure. 

The.performance of t h e  components before  and a f t e r  decontamina- 
t i o n  and dry  h e a t  s t e r i l i z a t i o n  is presented i n  Table V I - 1 .  
t h r u s t  chamber va lves  and t h e  pressure  r e g u l a t o r  showed no s i g n i f -  
i c a n t  change i n  performance. 
leakage decreased froin 14.5 s c c / h r  GN, t o  no measurable amount. 
The solenoid va lve  exhib i ted  a degrada t ion  of t h e  d i e l e c t r i c  
s t r e n g t h  of t h e  solenoid c o i l  s i m i l a r  t o  t h a t  experienced w i t h  
the  Task I1 component tes t  u n i t .  A comparison of t h e  r e s u l t s  of 
t e s t i n g  of the  component u n i t  and t h e  module u n i t  i s  presented 
i n  t h e  fol lowing t a b u l a t i o n  ( t h e  so lenoid  d i e l e c t r i c  s t r e n g t h  
is  given i n  microamps a t  500 vac) :  

The 

Note t h a t  t h e  r e g u l a t o r  i n t e r n a l  

U S  P r e t e s t  P o s t t e s t  

Task I1 Component 4 5 00 

Module Assembly 6 2 78 
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Table VI-1 Performance of Propulsion Module Components before and 
after Decontamination and Sterilization 

Component 
Thrust Chamber Valves 

Oxidizer Valve 
Opening Response, max/min (sec) 
Closing Response, max/min (sec) 
Leakage - External (bubbles GN2) 

Internal (cc GNa/hr) 
Fuel Valve 
Opening Response, max/rr.in (sec) 
;losing Response, max/min (sec) 
Leakage at 250 psig: 
External (bubbles GN2) 
Internal (cc  GN2/hr) 

GN, Loading Solenoid Valve 
',eakage, External (scc/sec helium) 
Dielectric Strength (clamp @ 500 
vac) 

Regula tor 

Internal Leakage (scclhour GN2) 
External Leakage (bubbles GN,) 
Re gu 1 at ion : 
Inlet Pressure, Initial (psig) 
Inlet Pressure, Final (psig) 
Average Flow Rate, GN, (lblsec) 
Outlet Pressure Variation, max/mii 

(psig) 
Hysteresis : 

Initial Outlet Lockup Pressure 

Outlet Pressure Range (psig) 
(psig) 

Res pons e : 
Inlet Pressure, Average (psig) 
Outlet Pressure, Lockup (psig) 
Overshoot (psig) 

~ 

Preexposure 

0,0092/0,0089 
0.0062/0.0060 

zero 
zero 

0.0073/0.007C 
0.0070/ 0.0062 

zero 
12 

zero 

6 

14.5 

zero 

1498 
350 

0.015 

2501247 

263 
2501247 

1520 
261 
0 

~~ ~~ 

Postexposure 

0.0098/0.0095 
0.0068/0.0061 

zero 
zero 

0 00781 0,0068 
0.0078/0,0075 

zero 
zero 

zero 

2 78 

zero 
zero 

1528 
350 

0.014 

248/244 

259 
2581252 

1517 
257 

0 



VI-20 MCR-68 -119 

As part  of the p r e f i r e  p r e p a r a t i o n s ,  t h e  p ropu l s ion  module 
p r o p e l l a n t  tanks were X-rayed and p r o p e l l a n t  samples were removed 
f o r  a n a l y s i s ,  
o x i d i z e r  tank diaphragm was i n  the  proper p o s i t i o n  a g a i n s t  t h e  
u p p e r  tank wal l  w i th  no apparent  tears i n  the  membrane. Also, 
t h e  f u e l  l e v e l  i n d i c a t e d  t h a t  no measurable f u e l  l o s s  had been 
incu r red .  The l i q u i d  l e v e l  i n  t h e  o x i d i z e r  tank could no t  be 
determined because of inadequate  d e f i n i t i o n  i n  t h e  photos.  
mum p o s i t i o n i n g  o f  t he  X-ray source and the  f i l m  holder  was no t  
a t t a i n e d  because of a c c e s s  l i m i t a t i o n s  imposed by the  t r a n s p o r t  
f i x t u r e ,  module truss,  and hardware,  

From the  X-ray photos ,  i t  was determined t h a t  t h e  

O p t i -  

The r e s u l t s  of t h e  chemical ana lyses  of  t he  p r o p e l l a n t  samples 
a r e  shown below: 

Oxidizer  (% volume) L Fuel (% volume) 

N204 99.88 MMH 99.15 

NO 0.31 NH3 0.34 

H20 0.033 H20 0.51 

These r e s u l t s  i n d i c a t e d  p r o p e l l a n t  decomposition had n o t  taken 
place and the  p r o p e l l a n t s  were s a t i s f a c t o r y  f o r  u s e ,  

A t  t h i s  time a l l  f i r i n g  p r e r e q u i s i t e s  f o r  t h e  module had been 
met and on 16 January 1368 t h e  f i r i n g  was completed wi thou t  i n c i -  
d e n t .  Although t h e  o r i g i n a l  p l an  had been t o  f i r e  f o r  300 s e c ,  
a d u r a t i o n  of 280 sec  was used t o  allow s u f f i c i e n t  margin on o x i -  
d i z e r  usage,  This r educ t ion  was necessary due t o  t h e  i n a b i l i t y  
t o  s e e  the  l i q u i d  l e v e l  i n  t h e  X-rays and t o  t h e  o v e r s i z i n g  of  
the flow con t ro l  o r i f i c e  i n  the  o x i d i z e r  feed system. 

The p red ic t ed  and actual  system performance i s  shown i n  Table  
VI-2 and Fig.  VI-9, which show t h a t  performance was q u i t e  c l o s e  
to  predicted va lues .  The mixture  r a t i o  was approximately 3% low. 
This was a t t r i b u t e d  t o  t h e  higher  than expected f u e l  flow. The 
high f u e l  flow was caused by improper f u e l  o r i f i c e  s i z i n g  r e s u l t -  
ing from d r i l l i n g  t h e  o r i f i c e  wi th  t h e  n e a r e s t  s t anda rd  t w i s t  
d r i l l .  Figure VI-9 shows t h e  chamber p re s su re  t o  b e  very c l o s e  
t o  p r e d i c t i o n  o r  s l i g h t l y  above. The t h r u s t  washers were i n -  
d i c a t i n g  low. F u r t h e r ,  i t  i s  known the  load washers a r e  tempera- 
t u r e  s e n s i t i v e .  The computed (from P s p e c i f i c  i m p u l s e  obtained 

xas 188 sec .  This  corresponds t o  a s p e c i f i c  impulse under vacu;1IR 
cond i t ions  of 294 sec a t  an expansion r a t i o  of 4 0 : l .  

c> 
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ihe  high in1  lcl pressure i n  '.he ni t rogen sphere wag t t r i b -  
ut& t o  the heat :lux caused by the  run luapr i n  pos i t ion  t o  
give adequate f igh t ing  f o r  1000 fps  motion picturer .  It war 
concluded t h a t  the systeat performance was s a t i s f a c t o r y  and there  
was no r ign i f i can t  degradation cauaed by the exporure t o  the  
s t e r i l i z a t i o n  environment, 

A visua l  inspect ion of the  propulsion module a f t e r  the  f i r i n g  
tes t  revealed two leaks i n  the oxidizer  system, ne i the r  of which 
was seen on the TV monitor. 
between the oxidizer  tank o u t l e t  and the  ordnance valve (EXV-4) and 
a l iqu id  leak aL the  oxidizer  d r a i n  valve (ODV) o u t l e t  tube con- 
nect ion (Fig. VI-3). 

One was a vapor leak at the  interface 

F. DISASSEMBLY AND EXAM1NA;'ION 

Following the pos t f i r i ng  inspecEion, the res idua l  fue l  and 
oxidizer  were drained i n t o  catch tanks fo r  inventory. The fue l  
residua; kas 3 . 9  l b ,  compared t o  the  calculated res idua l  of 9.2 
l b  predictc  - tne  expected fue l  flow r a t e  and burn t i m e  of 280 
sec.  The 3.. .. ..&zer residutil ,  however, was only 11 .7  l b  as opposed 
t o  an expected res idua l  of 20.4 Ib .  
fotinc! t o  account fo r  t'ie l o s s  of the 8.4 l b  of oxidizer .  

N e  conclusive cause was 

i n  ,';e process of draining the  propel lant  tanks,  an i f i ternal  
leakage through the oxidizer  diaphragm ai' 14,000 cc/min of GN, 
was determined a t  a d i f f e r e n t i a l  pressure of 1 psid. diaphragm 
was recycled t o  the i n i t i a l  pos l t ion ,  at the  tank top, a t  which 
t i m e  the  leakage was again determined t o  be 14,000 cc/min of GN2. 
It was concluded t h a t  the diaphragm w a s  ruptured. 

The oxidizer  tank was removed from the  module and decontam- 
inated by bakirg a t  150°F with a 1 psig GN2 purge t o  remove a l l  
oxidizer vapors. The decontamination procedure was discontinued 
when the vapor de t ec t c r  indicate$ a vapor concentration of 2 ppm. 
The tank halves were separated and the inspect ion revealed the  
diaphragm i n  the propel lant  expelled posLtion with a 16-in. t ea r  
across  the dome. 

The Marqcardt R - 4 D  engine assembly vas  removed from the pro- 
pulsion modcle, v i suaLl j  inspezted, and decontaminated according 
to MarquarJt  Corporation procedipres. 
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When the hand valve stem caps were removed, severa l  hundred 
foot-pounds of breakaway torque was required.  The Viton O-ring 
was highly de te r iora ted .  
While the s e a l  was highly e f f e c t i v e  with no evidence of leakage 
throaghout the tes t ,  the O-ring l o s t  a l l  e l a s t i c i t y  and some 
evidence of p l a s t i c  flow i n t o  the threads was found. Figure 
VI-10 shows the condition of the seal t h a t  was typica l  of both 
the fue l  and oxidizer  hand valves ,  

Normal cap torque was 90 in.-lb. 

The Viton material was chosen with knowledge of marginal 
compat ibi l i ty .  I f  a bellows stem is  incorporated i n t o  fu tu re  
valves,  the  compatibi l i ty  of the stem seal w i l l  not  be a problem. 

The d i e l e c t r i c  s t rength  of both the component and module 
solenoid valves showed degradation. Fa i lure  ana lys i s  of the 
component test u n i t  revealed the c o i l  winding badly charred and 
black i n  co lor ,  as shown i n  Fig. V-23. The c o i l  wire was No. 
27  Formvar wire from the Bridgeport Insulated Wire Company. The 
c o i l  w a s  coated with Tr i -Var  No. 116, both of which were ra ted  
a t  221°F. Consequently, exposure t o  275°F lead t o  a breakdown 
i n  the c o i l  winding. 

The correcti-re Action would be t o  use a Teflon-coated w i r e  
i n  the c o i l  winding, coated with a high temperature material 
rated a t  400°F o r  above. 

As indicated earlier, the module assembly began leaking 
a t  the  oxidizer  tank o u t l e t  flange a f t e r  loading. Further,  the  
motion p ic tures  of the f i r i n g  showed the same flange was Leak- 
ing a f t e r  the ordnance valves were actuated.  The f lange i n  
question i s  shown i n  Fig. V I - 1 1 .  Microscopic examination of 
the flange se r r a t ions  showed no pos i t i ve  cause of leakage, such 
as a double imprint or imprbper sea t ing  of the seal. 

The leakage immediately following the  f i r i n g  of the squib 
or the module duplicated the component t e s t  un i t .  That u n i t  
alsci began leaking immediately a f t e r  f i r i n g  of the  squib., While 
t h i s  f lange was previously an aluminum s t ruc tu re  throughout, 
t h i s  was the f i r s t  time the f lange was used with an aluminum/ 
titanium in t e r f ace  at s t e r i l i z a t i o n  temperatures i n  the  presence 
of N&*. 
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The flange d i f f e r e n t i a l  growth caused by the titanium/aluminum 
in te r face  contributed t o  a condition tha t  leaks when shock loaded 
by the f i r i n g  of the squib. The cor rec t ive  ac t ion  should be t o  
provide a welded j o i n t  a t  every pos i t ion  ins ide  the  hermetical ly  
sealed area and t o  provide heavier mounting brackets fo r  the 
ordnance valve.  

Figure V I - 1 2  shows an ove ra l l  view of the  tube shape, and 
Fig. VI-13 and V I - 1 4  show a closeup of the  f a i lu re .  
was typica l  of high t e n s i l e  loads caused by very shor t  bend r a d i i .  
No corrosion of the tube is  evident.  The tube material was alumi- 
num a l loy  6061-T6. A bend rad ius  of 112 in .  was allowed by Martin 
Marietta standards fo r  pressures below 1500 p s i ;  however, i t  is 
not recommended i n  s t e r i l i z a b l e  systems. A rebui ld  of t h i s  tube 
on subsequent f i r i n g s  would l i m i t  the  bend radius  t o  4 D  or  1 i n .  

The f a i l u r e  

Figures VI-15 and VI-16 show two views of the diaphragm after 
me diaphragm was i n  the  expelled separat ion of .,he tank halves.  

posi t ion and, because of the s i z e  of the tear, was not cycled 
back by the pos t f i r i ng  a c t i v i t i e s .  
up of the apex doubler. It should be pointed out t ha t  the doubler 
was round and symmetrical before the  Teflon laminate cure.  

Figure VI-17 shows a c lose-  

Tile basic  Teflon laminate w a s  0.004 in .  of TFE and 0.004 i n .  
F'EP. Inspection reveals  no degradation of the membrane, i nd ica t -  
ing complete compatibi l i ty .  
though the diaphragm was s l i g h t l y  oversized as seen by the d i s -  
co lora t ion  of the tank hemisphere shown i n  Fig. VI-18. 

Mud cracking was very minimal a l -  

A complete review of the system loading ca lcu la t ions  and the 
f a c i l i t y  loading f i x t u r e  tare weights w a s  made. Further,  addi-  
t i o n a l  leak checks were made t o  explain the  8.4-lb loss of oxi -  
d i ze r .  The r e s u l t s  of the  review indicated two areas of concern. 
F i r s t ,  an e r ro r  w a s  made i n  the  loading statement,  r e s u l t i n g  i n  
a res idua l  weight of 10.9 l b  r a the r  than 20.4 lb .  Second, a 
small 1eS.k was found i n  th.2 tubing run from the  module oxidizer  
tank dra5n valve to  the f a c i l i t y  s a fe ty  package on the outs ide  
of the chamber. While the  leak as measured would not account 
for the  f u l l  leakage, i t  was measured a t  ambient temperature 
r a the r  than the 275'F working temperature. 
would accommodate e i t h e r  incident  separately,  i t  could not accom- 
modate the combined e f f e c t .  

While the tank capaci ty  
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It was concluded the diaphragm ruptured because of propel lant  
deplet ion.  Performance ca lcu la t ions  indicated the diaphragm would 
have been required t o  s t r e t c h  0.022 i n .  Thio represents  a surface 
6 t r e t ch  of only 0.3%. Biaxial  loading of a Teflon membrane should 
r e s u l t  i n  s t r e t c h  of up t o  a t  least 2%. Therefore, t he  evidence 
8eems t o  point t o  the i n i t i a l  f a i l u r e  at the s t r e s s  r i s e r  a t  the 
apex doubler, as shown i n  Fig. V I - 1 7 .  

Further ana lys i s  shows the apex doubler, when 17 the p r e f i r e  
pos i t ion  aga ins t  the gas i n l e t  s ide  of the tank, sh i f t ed  during 
the repeated s t e r i l i z a t i o n  cycles  as seen i n  Fig. VI-19. Some 
permeation was evident and a mal l  amount of diaphragm leakage, 
4 scc/hr ,  was present a t  the i n i t i a t i o n  of the  t e s t i n g ,  It i s  
s ign i f i can t ,  however, t h a t  the diaphragm membrane showed no 
tendency t o  extrude through the shower head holes when the doubler 
was of f  center .  

It was concluded t h a t  had the run time been reduced t o  250 
sec,  the  diaphragm would have successful ly  survived the  system 
f i r i n g .  Further ,  the  f a i l u r e  was not a compatibi l i ty  problem as- . 

sociated with the s t e r i l i z a t i o n  requirements. 
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V I i ,  CONCLUSIONS 

The conclusions are ca t egor i zed  i n t o  f o u r  s e p a r a t e  a r e a s :  
system, components, p i ece  p a r t s  and m a t e r i a l s ,  and f a c i l i t i e s ,  

A. SYSTEM 

Successful  s u r v i v a l  of exposure t o  t h e  s t e r i l i z a t i o n  environ-  
ment by a propuls ion module loaded with p r o p e l l a n t s  as demonstrated 
by a f u l l  d u r a t i o n  f i r i n g  was achieved,  Performance of t h e  module 
was w i t h i n  s p e c i f i c a t i o n s .  Operation of t h e  module w i d  smooth and 
and normal. 

A mechanical seal o r  j o i n t  w i t h i n  t h e  h e r m e t i c a l l y  s e a l e d  
p o r t i o n s  of t h e  system i s  an unnecessary r i s k .  A l l  j o i n t s  w i t h i n  
t h e  h e r m e t i c a l l y  sea l ed  areas should be  welded. 

Generous allowance should be made f o r  t ube  bends, l i n e  runs ,  
and component mounting t o  withstand thermal expansion. 

B. COMPONENTS 

Only the  t h r u s t  chamber va lves ,  t h e  s t anda rd  c a r t r i d g e s  and 
t h e  s t o r a g e  tank s h e l l s  showed no degradat ion due t o  t h e  s t e r i l i -  
z a t i o n  exposure.  The remaining comr merits i n d i c a t e d  some degrada- 
t i o n  during t h e  Task I1 t e s t i n g  as s:.own below.. 

P res su re  Regulator - Regulated pressure s h i f t e d  downward 1 
p s i .  Cor rec t ive  a c t i o n  was taken t o  age t h e  s p r i n g  f o r  t h e  module 
u n i t .  The a c t i o n  was s u c c e s s f u l .  

Hand Shutoff Valve - Stem leakage was ev iden t  a f t e r  six of t h e  
12 c y c l e s  irf exposure.  
type s e a l ,  which was not implemented f o r  t h i s  program. 

Cor rec t ive  a c t i o n  would be t o  add a bellows- 
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Solenoid Valve - Die lec t r i c  s t rength  increased, Operation was 
s a t i s f a c t o r y  but examination revealed a breakdown i n  the  c o i l  
insu la t ion .  
Teflon insu la t ion ,  which was not implemented f o r  t h i s  program. 

Corrective act ion would be t o  use a high-temperature 

F i l t e r  and Fuel Tank Screen Trap - Both u n i t s  showed degrada- 
t ion  of bubble p. ' I t .  Allowance could be nede f o r  t h i s  degrada- 
t ion .  

Ordnance Valve - External leakage increased a f t e r  ac tua t ion ,  
This was a mechanical j o i n t  t h a t  should be redesigned to provide 
a welded tube attachment. 

Oxidizer Tank Diaphragm - Both the component and system un i t  
f a i l e d  a t  the doubler located a t  the  apex of the  hemisphere t h a t  
acted as  a s t r e s s  riser. 
the diaphragm had successful ly  folded through before f a i l u r e ,  
therefore ,  the  objec t ive  of pos i t ive  expulsion was achieved. It 
was f l l r ther  concluded the f a i l u r e  a t  the  doubler occurred because 
of overexpulsion. The component un i t  was never outflowed. New 
design c r i t e r i a  of the doubler a r e  needed t o  improve the diaphragm 
design, This was the only f a i l u r e  t h a t  requires  new technology o r  
improved s t a t e  of the  a r t  t o  f i x .  

The f a i l u r e  i n  the system un i t  indicated 

It was concluded t h a t  with the exception of the diaphragm, a l l  
of the  components may be corrected with new technology. 

C. PIECE PARTS AND MATERIALS 

Titanium 6Afb4V a l loy  was the  only material found t o  be com- 
p l e t e ly  compatible with N2& during exposure t o  the s t e r i l i z a t i o n  
environment. 

Aluminum a l loys  1100, 2014, 2219, 5056, aTd 6061 a l l  showed 
in te rgranular  a t tack  a f t e r  600 h r .  No a t t ack  was found a t  300 h r ,  
Fine wire s i zes  f o r  wire c lo th  dis integ-qted i n  l e s s  than 100 h r .  

Teflon, while exh ib i t i  ig  a f i n e  f locking i n  the propel lant ,  
was the only nonmetal acceptable f o r  use i n  both MMK ilnd N,O4. 

Nonmetals such as  butyl,  s i l i con ,  and ethylene propylene rubbers 
and Kynar were not compatible i n  e i t h e r  the N204 o r  MMH. 
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System c l e a n l i n e s s  and m a t e r i a l s  p a s s i v a t i o n  must be assured 
t o  s u c c e s s f u l l y  s t e r i l i z e  a f u e l  system, 

Normal s t e e l  welding p r a c t i c e s  t h a t  allow formulat ion of metal 
oxides are u n s a t i s f a c t o r y  f o r  use i n  s t e r i l i z a b l e  hydrazine base 
f u e l  sya tems , 

For t h e  same reason as above seam welding of f r a y i n g  s u r f a c e s  
is no t  s a t i s f a c t o r y  i n  s t e r i l i z e b l e  hydrazine base f u e l  systems, 

D. FACJLITIES 

Both MMH and N204 r e a c t  t o  some degree wi th  ET0 .econtamination 
agent a t  500,000 ppm. 
p s i a ,  which may r u p t u r e  envircnmcnta: chambers, 

N204 caiiscd an i n c r e a s e  i n  p r e s s u r e  t o  22 

Vapor d e t e c t o r s  a r e  s a t i s f a c t o r y  t o  determine N204 i n  t h e  ET0 
atmosphere but g ive  u n r e l i a b l e  resilits when sampling MMH and ETO. 

Vapor d e t e c t o r s  t o  determir,e r e : a t i v e  humidity i n  t h e  ET0 
atmosphere may be s u c c e s s f u l l y  ca; ibrsted  t c  provide automatic 
: . x t ro l  of t h e  r e l a t i v e  humidity.  
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A .  SYSTEM 

Addit ional  experience should be accumulated on the  module t o  
improve t h e  c r e d i b i l i t y  of t h e  tes t  results.  This  should include 
a d d i t i o n a l  s t e r i l i z a t i o n  cyc le s  and an a d d i t i o n e l  system f i r i n g ,  
Although t h i s  w i l l  provide an improvement in t h e  confidence of t h e  
r e s u l t s ,  i t  w i l l  n o t  allow in!provement of t h e  component r e l i a b i l i t y  
p r e d i c t i o n s ,  

B. COMPONENTS 

Components c o n t a i n i n g  h e a t  s t e r i l i z e d  sp-:ings with t h e  s p r i n g s  
i n  a s t r e s s e d  cond i t ion  should r e c e i v e  prete:,' h c a t  t r ea tmen t .  
The complete component o r  t h e  s t r e s s e d  s p r i n g  should undergo hea t  
soak at  a temperature i n  excess  of t h e  s t e r i l i L a t i o n  temperature 
f o r  a per iod of time s u f f i c i e , , t  t o  allow s t a b i l i z a t i o n  of t he  
s p r i n g .  Heat soaking should be d ne with the  s p r i n g  under stress,  
p r e f e r a b l y  a t  minimum working h e i g h t ,  and a t  a temperature  of not  
l e s s  than 15% more than t h e  s t e r i l i z i n g  temperature .  

A problem was i d e n t i f i e d  du r ing  t h e  s t e r i l ;  * i r ion of t h e  o x i -  
d i z e r  (N2(14) t ank  which contained a hemispherical  Teflon laminate  
diaphragm. No proved s t e r i l i z a b l e  p o s i t i v e  expuls ion dev ice  now 
e x i s t s  f o r  a s p a c e c r a f t  oxi.dizer tank using I..O* 3s t h e  p r o p e l l a n t .  
A program should be i n i t i a t e d  t o  s o l v e  the  problems mcovered using 
t h e  ? r e s e n t  system, o r  o t h e r  expuls ion devices  should he designed 
and b u i l t  f o r  exposure t o  t h e  s t e r i l i z a t i o n  environment, Because 
the  problems are !mown and s o l v a b l e ,  t he  primary approach sh u l d  be 
t o  cnntiniie with a Teflon diaphragm. 
inc lude  the !esign and b u i l d  of a sc reen  t rap  assembly made of 
t i t an ium woven sc reen  o r  e tched t i t a n i u m  f o i l ,  

Other  workable approaches 

Tefion b l adde r s  have h i s t o r i c a l l y  demonstrated a high permea- 
b i l i t y  of p r o r e l l a n t s .  Recent Te f lon  b l adde r  m a t e r i a l  tests i n  
N204 a t  275°F have shown a tenc'a-cy t o  slough o f f  Teflon p a r t i c l e s  



t h a t  may cause f i l ters  to  c log  o r  pulsing valves t o  leak. It is 
reconmended t h a t  a development program be set up t o  deposi t  
tantalum, cohmbium, and/or gold on Teflon l o i n a t e  C O U ~ I S ,  and 
perform such propel lant  compat ibi l i ty  tests and mechanical prop- 
erties tests as abrasion, permeation, and adhesion. 

If  &04 is used as the  oxid izer  f o r  a s t e r i l i z a h l e  system, 
a l l  portions of the  system in contac t  with t h e  oxid izer  during 
s t e r i l i z a t i o n  should be constructed of t i tanium al loy,  6Al-4V. 

Although ntl is compatible with a l l  netals tes ted ,  t he  use 
of t i tanium 6U-4V is rec-nded, based upon high strength-to- 
wetght ratio. 

I f  an elastic material is required t o  per fora  the  seat or 
seal, Teflon is recoleended f o r  both N204 or M S i  use during 
s ter i l izat ion.  
provided. 

Provision t o  prevent cold flow of Teflon mst be 

D. FACILITIES AND PROCESSES 

If &Q1 is used as the  oxidizer  f o r  a steri l izable system, 
it should be required t o  meet the  minimum n i t r i c  oxide (NO) con- 
t e n t  specified by BASA Speci f ica t ion  HSC-PPD-ZA, dated June 1, 
1966. 

Cilrrent t e s t i n g  at s t e r i l i z a t i o n  temperatures ind ica t e s  t h a t  
inadequate cleaning and passivat ion of mater ia l s  i n  contact  with 
amine f u e l s  such as M, UDHH, or hydrazine can r e s u l t  i n  decom- 
posi t ion.  The decomposition can lead t o  very high pressures  re- 
s u l t i n g  i n  tank rupture,  mormation of corrosive compounds, o r  deg- 
radat ion of normal performance. It is recowended t h a t  such sys- 
tems 5 e  thoroughly cleaned, followed by passivat ion of  t h e  system 
i n  accordance with Martin Marietta Mater ia ls  Engineering Report 
67-1R. 

Welding of steel or t i tanium pa r t s  t h a t  w i l l  see hydrazine 
fue l s  a t  s t e r i l i z a t i o n  temperatures should be done i n  an i n e r t  
atmosphere, preferably i n  an iner t -gas  purged glove box. 
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A welding development progran should be i r p l c w a t e d  so t h a t  
sttel screens may be attached to other  b u i c  metals. A welded 
leakt ight  system i r  preferred over the r ive ted  joint chosen in 
t h i s  program. 

An eadmustive test p r o g r r  should be i n i t i a t e d  to  d e t e a i n e  
the mechanics of fuel decamposition caused by metal oxides. 
p r o g r a  should d e t e n i a e  whether a l l  metal oxides cause f u e l  
deccmposition or *ether the  procesr is cowed by only a feu of 
the  metal oxides used i n  the u t e r l a l  of construction. 

The 

The f e a s i b i l i t y  of p r t s t e r i l i z a t i o n  of bot6 propulrioa system 
components before loading should be determined to  eliminate the 
many penal t ies  involved in derLgniag tankage f o r  exposure to 
propellants a t  2 7 5 V .  

Possible methods of nontherurl s t e r i l i z a t i o n  of propel lants  
during load should be explored. 
v i o l e t  radiat ion,  u l t rasonic  vibration, and f ' l t r a t i o n .  

Potent ia l  lethods include u l t r a -  
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The following new technology d i r c losu res  have been submitted 
in accordance with t h e  general  provis ion of t h i s  cont rac t .  

- Number - T i t l e  TyPe 
2 Use of Vapor Detectors in Development 

3 Mater ia l s  of Construction Roduc  t i on  

Decontamination Atmosphere 

f o r  Nitrogen Tetroxide Task- 
age i n  S t e r i l i z a b l e  S2stens 

merged Teflon Bladders i n  
Nitrogen Tetroxide.  

hydrazine. 

4 S t e r i l i z a t i o n  of Ful ly  Sub- Concept 

15 Vapor Pressure of Monomethyl- Production 

One add i t iona l  d i sc losure  is i n  prxess a t  the  present  time 
e n t i t l e d ,  "S te r i l i za t ion  of Cold Welded Trans i t ion  Tubes i n  
Propel lan ts  .I' 

A f ixed vapor de t ec to r  manufactured by Teledyne Systems, Inc,  
was successfu l ly  used t o  de t ec t  ni t rogen t e t rox ide ,  N204, vapors 
a t  concentrat ion of 5 ppm i n  the  presence of an ethylene oxide/ 
Freon decontamination atmosphere (ETO) . Conversely an a t t empt  t o  
employ a similar de t ec to r  t o  warn of monomethylhydrazine vapors 
i n  the  ET0 w a s  unsuccessful.  
unre l iab le  s igna ls .  

The de tec to r  produced spurious and 

The only construct ion mater ia l s  t e s t ed  i n  t h i s  program t h a t  
were compatible with N,04 were c o w e r c i a l l y  pure t i tanium and its 
a l loys .  S t ee l  suf fe red  severe degradation i n  sho r t  dura t ion  tests, 
of t he  order  of 24 h r .  Not only were the s t e e l s  a f fec ted ,  but t be  
N204 formed i ron  adduct t h a t  was undesirable i n  propulsion systems. 
Aluminum and i ts  a l loys  showed no a t t ack  a t  300 hr ,  but intergran-  
u l a r  a t t a c k  was evident  a t  600 h r .  

The concept of s t e r i l i z a t i o n  of f u l l y  submerged Teflon d ia -  
phragms was an e f f o r t  t o  prevent the  development of high pressures  
across the membranes. This concept was found t o  be unnecess.rry 
i n  ac tua l  use. 



The vapor pressure determination hf aonaacthylhydratias pre- - 
sent8 new da ta  shoving the  vapor pressure t o  be 13.n higher at 
2 7 5 9  than previously published. The Martin Marietta determination 
at 275- was 63.0 ps ia  as opposed t o  previously published values of 
55.6 p s i .  These da ta  showed tha? mild decomporitloa w a s ,  i n  f ac t ,  
not taking place every time the  f u e l  was heated. 
t o  the vapor pressure curve presented in Fig. IV-28. 

Rather it conformed 

The module design used cold welded t r a n r i t i o n  j o i n t s  t h a t  allowed 
the coupling of diss imi la r  metals not possible with normal fusion 
welding techniques. 
provea the j o i n t s  t o  be compatible at  2 7 5 9  in a propellant envi- 
ronment . 

Materials t e s t i n g  and production usage have 

The items mentioned above are the  only items of new technology 
t h a t  have been ident i f ied .  
t a in ing  the  new technology clause were awarded during t h i s  prograea. 

No subcontracts Over $SO,OOO and con- 
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APPENDIX A 

CALCULATION OF FLOW ANNULUS 
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k2,875"4 

Actual  
Position Heinht - Heini!t 

1 2.553 1,200 1.353 
2 2.565 1,200 1.365 
3 2,568 1,200 1.368 

4 2.573 1.200 1.373 
5 2.571 1.200 1.371 

6 2.553 1.200 1.353 
7 2.571 1.200 1,371 

8 2.558 1.200 1.358 
I 

Average 1,364 

t 
From Bur ington  Handbook - page 12 

L = 2fR2 - d2 

8.2656 = 4(68.046 - d2) 

8.2656 = 272.184 - 4d2 
1.478 

4d2 = 263.9184 
d2 = 65.9796 

d = 8.1228 

h = 3 - d  

h = 8,249 - 8.1228 

-8,249 R 

d 9 8.1228 
I 
I 
C 

1.478" 
0 29 

1:507 
.0168 -1.364 

.1430 

h = 0.1262 in 

- .1262 
.0168 - 4 v - n ~  lus 

. 5751I x .0168 = A A - .152 in2 
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Annulus = 0.152 in2 

Equivalent o r i f i c e  diameter deo 0 ,7854 0 ,7854 

I 0.4399 i n .  
deo 

2 
W = 0.525 Cf deo & 

0 . 1 4  = 0.525 (0.6)(0,14353) v 5 4 . 8 6  AP 

2.2965 = v 5 4 . 8 6  OP 

5.2739 = 54.86 he 

op = 0.09613 p s i  1 psi = 2717 i n .  H20 

then 0.09613 x 27.7 = 2.663 i n .  H$ (m) 
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APPEhPIX B 

STERILIZABLE LIQUID PROPULSION SYSTEM 
COHPCNE~ DEIGN ANALYSIS 
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A .  FILTER, LAB 6002513 

1. Stress Analvr is  

0.082 in. 
I 

.- .-- 
/ 

A 
0.250 in. 

, 
p s i  

Hoop stress a t  the larger  diameter a t  burst pressure of 4000 

s, = - ( R e f  B-1) 
t 

where 

R = 0.750 - 0 .041  0 .709  

4000 x 0 .709  
s2 = 0.082 

S, = 34,600 p s i  

Hoop stress a t  the smaller diameter a t  burst pressure o f  
4000 p s i  

S2 = (Ref B-1) 
1 t l  

where 

R = 0.250 - 0 .031  = 0 .219  

4000 x 0.219 
0 .062  s* = 

1 

S, = 14,150 p s i  
1 
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"he h ighes t  s t a t i c  stress is  a t  t h e  l a r g e r  median d i ame te r ,  
even though the  wa l l  t h i ckness  i s  less a t  t he  welding neck. T h i s  
sLress i s  on the  s a f e  s i d e ,  s i n c e  the  y i e l d  stress f o r  304 s t a i n -  
l e s s  s t e e l  is  35,000 p s i  and t h e  u l t i m a t e  i n  t e n s i o n  i s  75,000 
p s i .  

An i n v e s t i g a t i o n  o f  t he  s t a t i c  strdss on t h e  end p l a t e  a t  
4000 p s i  using Roark 's  (Ref B-1) c a se  1 7  equa t ion  f o r  f l a t  p l a t e s  
i n d i c a t e s  a maximum stress of  19,800 p s i .  T h i s  i s  we l l  below t h e  
y i e l d  p o i n t .  

I n  r e f e r e n c e  t o  any dynamic loading on t h e  sc reen  f i l t e r ,  due 
t o  sudden opening o f  t he  ordnance va lve ,  a p r e s s u r e  wave generated 
a t  t h e  nominal 0 .174-in.  i n t e r n a l  diameter of t h e  va lve  pas ses  
through a 90-deg bend and then i n t o  a 318-in.  tube; and a f t e r  one 
more bend i n t o  a 1 /2 - in .  tube,  and f i n a l l y  i s  expanded w i t h i n  t h e  
f i l t e r  t o  an equ iva len t  diameter o f  1.06 i n .  Even d i scoun t ing  t h e  
l i n e  l o s s e s ,  i t  i s  not p o s s i b l e  f o r  t h e  i n i t i a l  GN, l oad ing  o f  
1600 p s i a  maximum t o  exceed t h e  des ign  d i f f e r e n t i a l  p r e s s u r e  of 
3000 p s i  f o r  t h e  f i l t e r  s c r e e n ,  Since t h e  g a s  loading i s  a t  t h e  
h i g h e s t  pressure w i t h i n  the  system, t h i s  would be t h e  worst  c a s e .  

- 2 .  Tolerance Analysis  over  Natural  and Induced Temperature Range 

A l l  of  t he  p a r t s  making up t h e  f i l t e r  a r e  of 304 s t a i n l e s s  
s t e e l .  The re fo re ,  t h e r e  i s  no b a s i s  f o r  a t o l e r a n c e  a n b l y s i s  over  
t he  n a t u r a l  and induced temperature r anges .  

3 .  F a i l u r e  Mode Analysis  

An in spec t ion  of t he  f i l t e r  des ign ,  combined wi th  f a i l u r e  
mode ana lyses  conducted an t h e  T i t a n  sys t ems ,  i n d i c a t e s  t h a t  t he  
p r i n c i p a l  f a i l u r e  mode would be n o n f i l t r a t i 3 n .  T h i s  could be 
caused by an i n t e r n a l  r u p t u r e  of  t he  sc reen  o r  by a s t r u c t u r a l  
f a i l u r e  of  t he  s c r e e n .  

A secondary mode of f a i l u r e  would be a s t r u c t u r a l  f a i l u r e  of  
t he  o u t s i d e  s e a l  weld, causing e x t e r n a l  leakage.  
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B .  GAS PRESSURE REGULATOR, LAB 6002515 

B - 3  

1. S t r e s s  Analysis  

By i n s p e c t i o n ,  t h e  weakest s e c t i o n  i n  t h e  u n i t  i s  the  bellows 
o u t l e t  under a p o s s i b l e  f a i l  open mode. However, du r ing  s t e r i l i -  
z a t i o n ,  t he  u n i t  i s  i s o l a t e d  from t h e  p r e s s u r a n t  t ank  by an ord-  
nance va lve ,  and du r ing  t h e  a c t u a l  f i r i n g  s e t u p ,  a b u r s t  d i s c  i s  
i n s t a l l e d  downstream. The b u r s t  d i s c  i s  se t  a t  350 p s i g  and t h e  
bellows i s  p roof - r a t ed  a t  380 p s i g  and has  a b u r s t  des ign  of  no t  
less than 633 p s i g .  The re fo re ,  no p a r t  of t h e  r e g u l a t o r  would be 
a f f e c t e d  o r  destroyed i f  t h i s  f a i l u r e  mode occur red .  

During t h e  e a r l y  phases of  t h i s  component des ign ,  t h e  vendor 
dec ided ,  because of t h e  r epea ted  h e a t  c y c l i n g ,  t h a t  i t  would be 
b e s t  t o  employ a loading s p r i n g  w i t h  a h ighe r  s p r i n g  r a t e .  T h i s  
was done w i t h i n  t h e  same envelope by using a r e c t a n g u l a r  wire 
s p r i n g .  T h i s  pmnits t h e  proper load ing  w i t h i n  .i sma l l e r  pe rcen t -  
age of  the  t o t a l  s p r i n g  c a p a c i t y ,  t he reby  minimizing t h e  p o s s i b i l -  
i t y  of  f u r t h e r  s e t  o r  r e l a x a t i o n  t h a t  would cause t h e  p r e s s u r e - s e t  
band t o  mcve downbc-cl. 

2 .  To le rancs  Analysis  over :i,-tural and Induced Temperature Ranpe 

The induced temperature range i s  most c r i - i c a l  from 68 t o  
285'F. The expansion c o e f f i c i e n t  f o r  17-4 PH i s  6.0 x i n . /  
in . j 'F  and 9.6 x 10'" i n . / i n . / ' F  f o r  302 s t a ; n l e s s  s t e e l .  

1 
7- 

0.4355 0.093 i n ,max  

Guide P la te  
17-4 PH 

Pin 
302 SS 

Ad, = 0.033 x 2 1 7  x 6 . 3  x 10'" 

Adl = 1 2 1  x lo-" 

Adz = 0.093 x 2 1 7  x 9.6 x lO-' 

Ad:- 19G s IO-' i n .  
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Then, t h e  dec rease  i n  c l e a r a n c e  between p i n  and guide p l a t e  
is:  

194 x los6 
-121  x 10'6 

73 x o r  0.000073 i n .  on t h e  diameter  

The re fo re ,  a n  i n i t i a l  c l e a r a n c e  o f  0.0091 i n .  on t h e  diameter  
would be s u f f i c i e n t  t o  prevent  binding w i t h  p o s s i b l e  g a l l i n g  a t  
t h e  s t e r i l i z i n g  temperature .  S ince  t h e s e  p a r t s  a r e  hand f i t t e d  
t o  a smooth s l i d i n g  f i t ,  t h e  c l e a r a n c e  on t h e  diameter  i s  not  
less than 0.0001 i n .  T h i s  has  been v e r i f i e d  by t h e  vendor.  

3 .  F a i l u r e  Mode Ana lys i s  

F a i l u r e  t o  Regulate  - T h i s  could be caused by a jamming o r  
s t i c k i n g  o f  t h e  push p i n  t h a t  p o s i t i o n s  t h e  b a l l  poppet. 

S h i f t i n g  of  t h e  Repulat ion Band - T h i s  could be caused by an 
improperly-designed load s p r i n g  undergoing a r e l a x a t i o n  under com- 
p r e s s i o n  and r epea ted  temperature changes. 

Excessive I n t e r n a l  Leakage Causing Overloading of  the Propel-  
l a n t  Tanks - T h i s  could be  caused by contaminants on t h e  b a l l  s e a t  
and/or a hangup o f  t h e  b a l l  poppet.  

Excessive Ex te rna l  Leakage due t o  Gasket Leak - 

C .  VALVE, MANUALLY OPERATED, SHUTOFF, LAB 6002512 

1. S t r e s s  Analysis  

a .  Maximum Permiss ib l e  Torque on Valve Stem 

where 

T =  

T =  

2T 
s x r  Max S = 7 (Ref B-1)  

30,000 x (0 .O93)' 
2 

37.9 i n . - l b .  
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b. Hoop S t r e r r  a t  Ou t l e t  Tube 

B-5 

Tube 0.D. = 0.250 i n ,  
I.D. = 0.187 in, 

2 t  = 0.063 i n ,  

PE 
t 

2500 x 0,110 (Ref BI1) 
0,031 s 2 - - -  

Ss - 8870 p s i  (allowable - 34,900 p s i  - 280.P) 

c .  Gland Nut Thread Shear 

F1 PA 2500 x fl x (0.375)2 

F1 1103 I b  

P i t ch  diameter = 0.7094 i n .  

Assuming 1/4- in .  thread engagement and 7 5 X  e f f i c i ency ,  then shear 
area : 

A = P . D . x n x L x e  
S 

= 0 . 7 0 9 4 ~  x 0.250 x 0.75 

A = 0.4175 in.* 
S 

=EL-- 1103 
's As 0.4175 

S = 2645 p s i  (allowable - 24,300 p s i  a t  280OF) 
S 

d .  Seat Design 

The present s ea t  design depends on y i e ld  o r  p l a s t i c  flow 
of a sharp-edged sea t  aga ins t  a conical surface on the poppet to  
e f f e c t  a s e a l .  The mater ia l  of the  poppet i s  aluminum 1100-0 and 
the sea t  i s  aluminum 6061-T6. A b e t t e r  valve design would place 
the s o f t e r  material  (1100-0) i n  the  s e a t  by means of a pressed-in 
r ing .  This  would have re ta ined  the geometric i n t e g r i t y  of the 
poppet design,  However, because of the  l imited use of the valve,  
the vendor would not accept t h i s  suggestion s ince  i t  would involve 
higher manufacturing cos t s .  Also, i n  t h i s  appl ica t ion ,  the pop- 
pet  i s  ra i sed  from the s e a t  and the i n l e t  capped of f  during s t e r i -  
l i z a t i o n ,  thereby reducing probabi l i ty  of excessive deformation. 
I t  is recommended t h a t  fu tu re  designs consider the so f t - sea t ,  
hard poppet approach. 
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2 .  Tolerance Analysis over Natural  and Induced TemDerature Range 

A l l  of t he  metal p a r t s  of  t h e  va lve  t h a t  would be a f f ec t ed  by 
r e l a t i v e  movement Curing the  s t e r i l i z a t i o n  cyc le  are made of a lu-  
minum o r  aluminum a l loy ,  and there  should be no adverse binding 
o r  r e l axa t ion  between metal p a r t s .  
aluminum and the  s e a t  and body of 6061-T6 aluminum. 
motion between these two p a r t s  would be 1 x 10’’ in./in./‘F and 
would amount t o  approximately 4 x i n .  The s t r a i n  imposed 
by c losure  of t he  valve would be g rea t e r  than t h i s  amount. A t  
the  worst condi t ion,  t h i s  would r e s u l t  i n  rmne r e l axa t ion  o f  t he  
i n i t i a l  c losure  torque during the  s t e r i l i z a t i o n  cycle ,  but could 
be compensated f o r  by increas ing  t h e  i n i t i a l  torque i f  leakage 
i s  detected during the  cycle .  It is  probable t h a t  t h i s  w i l l  not  
be necessary.  

The poppet is made of  1100-0 
The r e l a t i v e  

3. Fa i lu re  Mode Analysis 

External  Leakage - I n  t h i s  appl ica t ion ,  the  hand valves  are 
being used as f i l l  and d r a i n  valves ,  and the  outboard po r t  is 
capped a f t e r  f i l l i n g ;  therefore ,  ex te rna l  leakage i s  of prime 
importance. 

Fa i lu re  t o  Open f o r  t he  Drain Operation - This  could be caused 
by to r s iona l  shear  of t he  ac tua t ing  stem. 

Br ine l l inn  o r  Indent ing of the Poppet Face from Repeated Use 
of t he  Valve - Extended use is not  a requirement o f  t h i s  appl ica-  
t i o n .  

D. 1/4-IN. SOLENOID VALVE, N .C. , LAB 6002516 

1. S t r e s s  Analysis 

a .  Stop 

S t e r e r  Deta i l  16 a t  burs t  pressure of 6250 *:sia. Mate- 
r i a l ,  Titanium 6Ai-4V: 

0.156 in .  

I k O . 3 1 2  in. 



MCR-68 - 119 B-7 

A t  edse (Roark'r  f l a t  p l a t e ,  c m e  6, Ref B-1):  

w wsa2 3w 3w 
Max sr - g; st - 4xmt"i - 

W - 6250 x it x 0.40" 

W '  = 3140 l b .  

9420 
0.1111 

I- 
3 x 3140 
4s x 0.0942 
- '1: 

Sr - 84,750 

3 x 3140 I 9420 
0.337 - 

St = 417 (&)O .0942 

st = 27,950 

s2 = s2 + s: r 

s = 0.893 io5 
S = 89,300 p s i  ( y i e l d  p o i n t  a t  285'F - 98,500 p s i  

guaranteed minimum) 

S ince  t h e  above c a l c u l a t i o n  shows maximum p o s s i b l e  stress and 
minimum p o s s i b l e  y i e l d  p o i n t ,  i t  can be concluded t h a t  t h e  des ign  
i s  s a t i s f a c t o r y .  

b .  Sea t  Design 

The s e a t  and poppet des ign  a r e  of t h e  hard poppet (tung- 
s t e n  c a r b i d e ) ,  s o f t e r  s e a t  (17-7 PH s t a i n l e s s  steel)  combination. 
A very f i n e  l i n e  o f  c o n t a c t  i s  f i r s t  e s t a b l i s h e d ,  but  f i n a l  s e a l -  
age depends on t h e  y i e l d  and p l a s t i c  flow of t h e  seat;  t h e r e f o r e ,  
seat  stresses can be a.*umed t o  be a t  o r  nea r  t h e  y i e l d  po in t  f o r  
t h e  me ta l .  
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2 ,  Tolerance Analvsis over Natural and Induced Temperature h n R e  

Stem and Body - 17-4 PH s t a i n l e s s  s teel .  Coeff ic ient  of ther -  
mal expansion is 6.0 x in./ in./OF. 

Seat - 17-7 PH s t a i n l e s s  s t e e l ,  Coeff ic ient  of thermal ex- - 
pension is 5.6 x in./ in./OF. 

PlunRer and Shel l  - Low carbon i r o n ,  Coeff ic ient  of thermal 
expansion is 8.4 x in./in./OF. 

0.250 

. min clearance 

Di f f e ren t i a l  movement between s h e l l  and plunger. 

Shel l  and Plunger - 
11 A.l = 2 x 217 x 8.4 x - 32 x 217 x 8.4 x 10'" 

A.l = 3 6 4 5  x 10'" - 6 2 6  x 10" 

A4 = 3019 x ( t h i s  is movement away from stem) 

Stem - - 
A.81 = -1 .9375  x 217 x 6 x 

All = -2520 x ( t h i s  i s  lengthening of the stem; 
therefore ,  is negative t o  ind ica t e  
c losure of  the  gap) 
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Body and Sea t  - 
At2 .I 0.25 x 217 x 6 x + 0.125 x 217 x 5.6 x loa6 

= 325.5 x lom6 f 152 x 

u2 - 477.5  x lom6 (movement away from stem t i p )  

T o t a l  = 3019 x lom6 + 477.5 x - 2520 x lom6 
CLeT - 976.5 x i n ,  

Therefore ,  hea t ing  causes  a movement of t h e  stem r i p  away 
from t h e  b a l l ,  and unseat ing of  t h e  b a l l  poppet could not  o c c u r ,  
Actual  s p e c i f i e d  c learance  i s  0,003 t o  0.005 i n .  

The solenoid s e p a r a t i o n  band w i l l  i n c r e a s e  c learance  w i t h  t h e  
plunger w i t h  i n c r e a s e  i n  temperature ,  Therefore ,  t h e r e  would be 
no binding from room temperatu;e t o  t h e  s t e r i l i z a t i o n  temperature 
of  285'F maximum. 

An i n v e s t i g a t i o n  of  t h e  b a l l  poppet and guide shows a c o e f f i -  
c i e n t  of  expansion f o r  t h e  poppet of  4.3 x lo'= in . / in . / 'F  and 
f o r  t h e  s e a t  o f  5.6 x in . / in . / 'F .  Therefore ,  t h e  s e a t  would 
expand a t  a f a s t e r  r a t e  w i t h  i n c r e a s e  i n  temperature and binding 
could not  occur .  

3 .  F a i l u r e  Mode Analys is  

a .  Externa l  Leakage 

I n  t h i s  p a r t i c u l a r  a p p l i c a t i o n ,  e x t e r n a l  leakage is t h e  
most c r i t i c a l  f a i l u r e  mod?. I n  t h e  sequence of  o p e r a t i o n ,  the. 
i n l e t  p o r t  i s  capped a f t e r  f i l l i n g  the  pressurant  tank;  t h e r e f o r e ,  
i n t e r n a l  leakage i s  not a primary f a i l u r e  mode. 

b.  F a i l u r e  t o  Open f o r  I n i t i a l  F i l l  

This  could be caused by e l e r t r i c a l  f a i l u r e  and/or  exces- 
s i v e  i n t e r n a l  coqtaminat ion.  However, t h i s  i s  of  e secondary 
n a t u r e  because t h e  va lve  i s  a pressure  a s s i s t  opening, from t h e  
f i l l  p o r t ,  design.  
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E. PROPELLANT TANKS 

1. S t r e s s  Ana lys i s  

a .  Fuel  Tank, LAB 6002514-019 

Minimum wa l l  t h i ckness :  t = 0.120 i n .  

I n t e r n a l  r a d i u s :  8.250 2 0.005 i n .  

I.R. = 8.255 i n .  max 

Mean r a d i u s :  R 8.315 i n .  

P = 3750 p s i  ( b u r s t  p re s su re )  

s = -  PR = 3750 8Jx (Ref B-1) 
2 t  2 x 0.120 

S = 130,000 p s i  (Yield p o i n t  a t  285'F = 143,000 p s i  o r  
155,000 p s i  a t  room temperature .) 

The above wall s e c t i o n  i s  h e a t  t r e a t e d .  
g i r t h  a r e a ,  which i s  m n e a l e d  by t h e  welding p rocess ,  shows: 

An i n v e s t i g a t i o n  o f  t h e  

P& = 3750 x 8.335 
s:. 2 t 1  2 x 0.160 

S1 = 97,500 p s i  (Yield p o i n t  a t  285'F = 98,500 p s i  o r  
1 r 3 , O O O  p s i  a t  room temperature .) 

Since t h e  t anks  are  not  a c t u a l l y  t e s t e d  f o r  b u r s t  p r e s s u r e  (3750 
p s i )  a t  t h e  h ighe r  temperature ,  t h e r e  i s  an a p p r e c i a b l e  margin of 
s a f e t y ,  

An i n v e s t i g a t i o n  was made of t h e  s c r e e n  a r e a  ( t h e  top  sc reen  
i s  approximately 4 sq i n . ) .  

Required flow i s  0.14 l b m  sec maximum o r  / 
0.00258 cu  f t / s e c  = 0.1555 cu f t /min  = 1.162 gpm 

o r  

0.2905 gpm/in .2 
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T e a t s  made a t  t h e  Mart in  M a r i e t t a  Corporat ion,  Denver Div is ion ,  
i n d i c a t e  t h a t  flow w i t h  Aerozfne 50, wi th  t h e  same screen  used i n  
t h e  f u e l  tank,  shpws no apprec iab le  pressure dro!] ( a . 2 5  p s i )  a t  
the requi red  f l c w ’ r a t e .  I t  can be assumed t h a t  t h e  pressure  drop 
wi th  MMH would not  b t  s i g n i f i c a n t .  

b. Oxidizer  Tank, LAB 6002514-009 

The o x i d i z e r  tank  wal l  th ickness  i s  t h e  same a s  t h e  f u e l  
tank; t h e r e f o r e ,  t h e  same c a l c u l a t i o n  f o r  hoop stress, a s  shown 
above, would apply ,  

The diaphragm does present s e v e r a l  p o s s i b l e  modes of f l e x -  
u r e  during expuls ion;  however, t h e s e  a r e  e n t i r e l y  random i n  n a t u r e ,  
and t h e r e f o r e  not  s u b j e c t  t o  an  exac t  stress a n a l y s i s .  A t  t h e  
end of  expuls ion,  t h e  diaphragm i s  bent  around t h e  l i p  of one d i a -  
phragm r e t a i n e r .  An i n v e s t i g a t i o n  of  t h i s  a r e a  fol lows.  

0 065 

in. R 

C ( y - 9 ,  II D fi x 0.130 
2 2 

Co = 0.204204 i n .  

C, = 0.23562 i n .  

AC 3 C, - Co 0.2356 - 0.2042 = 0.0314 

then,  

AC 3,0314 
-el- 
Co 0.2042 

nc = 15.38% 
CO 
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DuPont (Ref B-2) ind ica tes  a 15% s t r a i n  c f  FEP a t  73OF 
r e s u l t s  i n  approximately 2080 p s i  stress. 
or permanent s e t  point ;  therefore ,  i t  can be assumed t h a t  even- 
tua l ly ,  continued f lex ing  would r e s u l t  i n  f a i l u r e  a t  t h i s  po in t .  
Hawever, t h i s  i s  not an t ic ipa ted  wi th in  t h e  three-cycle  l i m i t  now 
imposed by the  bladder spec i f i ca t ion  l i m i t .  

Tbis is above the  y i e ld  

To the above loading, t he re  would be added the  amount of  
t e n s i l e  load caused by the  d i f f e r e n t i a l  pressure (1 p s i )  a t  t h e  
end of expulsion. This  amounts t o  only 490 p s i  on the  membrane, 
and is small compared t o  the bending load.  

2 .  Tolerance Analysis over Natural and Induced Temperature Range 

a .  Fuel Tank 

Screen Assembly 

304L Stainless S t e e l  

5.44 in. dia-- 

From To = 68OF t o  TI = 285°F 

= 217°F 

Ai = 5.44 i n .  x 217 x 5.8 x loe6 Ti 

= 68.4 x 

Ai = 0,00684 i n .  

L L S s  = 5.44 i n .  x 217 x 9.6  x 

Ti 

= 113.3 x 10'' 

uSs = 0.01133 in. 
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Thc above c a l c u l a t i o n  i n d i c a t e s  t h a t  t h e  c e n t e r  s e c t t o n  
of s t a i n l e s s  s teel  i s  expacding f a s t e r  than t h e  t i t an ium;  t h e r e -  
f o r e ,  t h e r e  would be a buckling of  t h e  s t a i n l e s s  steel  sec t io i i .  
However, t h i s  d i f f e r e n c e  i s  only  a l i t t l e  more than 0.004 i n .  over 
t h e  5.44 i n .  diameter ,  and any growth of t h e  tank  due t o  higher  
p r e s s u r e  a t  t h e  high temperature would tend t o  decrease  t h i s  d i f -  
ference.  

- 
b.  Oxidizer  Tank 

The o x i d i z e r  tank p r e s e n t s  no s e r i o u s  problem a t  t h e  high-  
er  ternperature/pressure range except t h a t  i t  i s  expected t h a t  t h e  
Tef lon  bladder  may flow i n t o  a l l  c r e v i c e s  t h a t  a r e  p r e s e n t .  To 
overcome this tendency, a t h i c k e r  s e c t i o n  WPS included a t  t h e  
bladder  apex t o  prevent  e x t r u s i o n  i n t o  t h e  "shower head." Also,  
t h e  c y l i n d r i c a l  s e c t i o n  near  t h e  equator  i s  25% t h i c k e r  Lhan t h e  
main p o r t i o n  of t h e  b ladder .  
small  c r e v i c e  formed by t h z  r a d i u s  on t h e  inner  s e c t i o n  of t h e  
blac?der r i m  and t h e  connect ing r a d i u s  on t h e  upper tank  hemisphere. 

This w i l l  resist e x t r u s i o n  i n t o  t h e  

3 .  F a i l u r e  Mode Analys ts  

a .  Fuel Tank 

F a i l u r e  of sc reen  assembly t o  provide s u f f i c i e n t  f u e l  f o r  
engine s t a r t  under zero-g condi t ion ,  caused by screen  blowout o r  
leakage through t h e  screen ,  reduces t h e  amount of  f u e l  a v a i l a b l e .  
Clogging of sc reen  pores  prevents  s u f f i c i e n t  f l o w .  

b .  Oxidizer  Tank 

F a i l u r s  t o  flow o x i d i z e r  under zero-g condi t ion ,  due t o  
c a t a s t r o p h i c  f a i l u r e  of t h e  bladder ,  i s  caused by complete sepa- 
r a t i o n  a t  t h e  r i m  o r  excess ive ly  l a r g e  c racks .  
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F. PRESSUFLAT TANK 

- 1. Stress Analysis 

Hoop stress at the burst pressure of 6000 psig uses a deriva- 
tion of the Lame' formula as used by the Menasco Company, 

r2 
- i  

+ (Ref B-3) 
SI = t x 2 (ri 

- 6000 x 6.7732 - 
0 .I22 x 2(6.773 + 0.122) 

S1 = 164,000 p s i  

The minimum ultimate tensile strength specified by Nenasco 
is 165,000 psi. 

2 .  Tolerance Analysis over Natural and Induced Temperature Range 

The tank is made of one material (Ti-6AE-4V), and s3ould of- 
fer no problems over the temperature range encountered. 

3. Failure Mode Analysis 

Leakage at the fill-drain connecting port. 

G .  REFERENCES 
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PRESSURANT SIDE TANK OUTLET VOLUME CALCULATION 
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r Diaphragm - Note: Calculations of tank 
o u t l e t  volime assum- 
i n s  the  diaphragm i s  
i n  intimate contact 
with the tank wall. 

Vo = tank o u t l e t  volume, (cu i n . j  
v, = v1 + v2 + v3 + v, 

II 
VI = - 4 [(0.375)2 (1 .5 )  + (0.9)" (0 .040) l  0.419 cu i n .  

I1 v, = - 4 [(0.375)' (1.320) + (0.177)* (1.75) + (0.177)' ( l .0 ) l  
= 0 .214  cu  i n .  

V3 = A tube I . D .  (24) = (0.0373) (24) = 0.89  cu i n .  
II 
4 

t 
v, = - [(0.177)2 ( l . O ) ]  = 0.0245 c u  i n .  

Vo = 0.419 + 0.214 + 0.89  + 0.0245 = 1.548 cu i n .  
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APPENDIX D 

PROPELLANT LOADING, LEVEL, AND 
ULLAGE CALCULATION 
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Propellant load, 82.47 l b m  of N204; 

Vacuum loaded into - 2332 cu i n .  loadable volume a t  70'F; 

Volume increase of tank expansion from 70'F to 275'F. 

4 3 
'tank sphere @ 70°F = 7' '70 

where 

= 8 . 2 5  i n .  '70 

70 r ' = 561.5 cu in. 

V70 = $ I[ (561.5) = 2352 cu i n .  

= 4.22 x i n . / i n . / " F  'Ti 

0 AT &70-275 = '70 TI (70-275) 

= (8.25)(4.22 x 10'6)(205) 

= 7.137 x 0.008 

= 8.25 + 0.008 = 8.258 i n .  275 r 

= 563.15 cu i n .  3 
275 r 

'tank 
4 
3 

' = -g(563.15)  = 2358.9 4 - 
sphere @ 275°F - 3 '  '275 

= 2335 cu i n .  
'actual tank including backup r ing  70°F 

2358.9 
275°F = 2335 (x) = actual tank including backup ring V 

= 2342 cu i n .  

= 2.5 cu i n .  
'diap. @ 70°F 
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Volume inc rease  70 t o  95°F = (g) (1.36)(2.5) = 0.0236 
( r e f  duPont t e f l o n  expan- 
s i o n  d a t a )  

Volume inc rease  95 to 275°F = (1.7 x 10'*)(2.52) 

= 0.00042 5 

Volume @ 27:"" = 2 . 5  + 0.0236 + 0.0006 = 2.524 

'diap. @ 275°F = 2.52 cu  in. 

'usable p r o p e l l a n t  i n s i d e  tank @ 70°F 2335 - 2.5 = 

= 2332.5 cu i n .  

= 2342 - 2.52 = 'usable p r o p e l l a n t  i n s i d e  tank @ 275°F 

= 2339.48 cu i n .  

N204 2 NO2 Equil ibr ium Data (Ref A l l i e d  Prodtlct B u l l e i i n )  

V l i q  (3 70°F = 0.01113 cu  f t / l b  
N2°4 

l i q  @ 70°F = 89.85 l b l c u  f t  

V gas @ 70°F = 4.712 zu f t / l b  

pN204 

NO2 

P gas @ 70°F = 0.212 l b / c u  f t  
NO2 

gas @ 275°F = 64.3 l b / c u  f t  
%04 

gas (3 275°F = 9.3 l b / c u  f t  
NO2 

P 

82.47 l b  1c.ided i n t o  2332.5 cu i n .  (1.349 cu f t )  @ 70°F m 

p I-=: 82'47 61.13 
1.349 m70 

Vol CJ 275°F i s  2339.5 cu i n .  (1.354) 
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- - =  - 82*47  60 .91  
1.354 P 

m275 

Pm - a 

P 
'NPOQ 

NO2 
b =  

l e t  a:-b = 1; then, a = 1-b 

'm - 'NO, 
P - P  a =  
N204 N02 

where 

a = volume % of N204 ( s a t . )  

b = volume % of NO;, ( s a t l )  . 

- - 61*13 - O o 2 l 2  = - 60.918 = 0.680 
89.85  - 0.212 89.638 

b70 = 1 - a70 = 1 - 0.680 = 0 .32  
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'm275 - 'NOp275 

'N204275 - 'NO2275 

€0.91 - 9.3 
64.3 - 9.3 55.00 

A t  275'F, a275 = 

51.59 
=I - 0.938 - - 

627: 1 - a275 = 1 - 0.938 0.062 

Then, volume of vapor (3 70'F and 275'F 

'P70 b70 'loadable 70 ( 0 . 3 2 ) ( 1 * 3 4 9 )  0.432 cu f t  

= 32% 
70 'u 1 1 age 

V b275 'loadable 275  = (0.062) (1.354) = 0.084 cu f t  
'275 

= 6.2% 'u1 lage 

The he ignt  of the l i q u i d  l eve l  below the tank top i s  equal 
to  the he ight ,  H, of the volume of a spher ica l  segment, which is  
equal t o  the u l lage  volume a t  the temperature o €  i n t e r e s t .  

fo r  a spher ica l  segment as shown 
i n  F i g .  D - 1 .  

Y' 

F i g .  D-1 Liquid Height 
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A p l o c  of  t he  s p h e r i c a l  volume a s  a f u n c t i o n  o f  t h e  h e i g h t  
i s  p resen ted  i n  F i g .  D - 2  from which t h e  l i q u i d  h e i g h t  i n  the  tank  
can  be de t e rmined .  The s p h e r i c a l  volume i s  i d e n t i c a l  t o  the  p ro -  
p e l l a n t  u l l a g e  volume. 

The u l l a g e  volume a t  70°F, Vu , i s  0.45 f t 3 ,  and the c o r r e -  
70 

spond i n g  1 i q u i d  he igh  t , H, is  approximate ly  6 . 4  i n .  from the  

tank  top ;  and the  u l l a g e  volume a t  270°F, V , i s  0.083 f t 3  and 
27 5 U 

t h e  co r re spond ing  l i q u i d  h e i g h t ,  H275, i s  approxi rca te ly  2 . 5  i n .  

from the t a n k  top  as i l l u s t r a t e d  i n  F i g .  D - 2 .  

F i g .  D - 2  S p h e r i c a l  Volume vs Height  


